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PREFACE OF THE TRANSLATOR. 



THOSE who have studied the history of the progress 
of Science and Philosophy during the last half century, 
will be well acquainted with the high reputation of M. 
Hiuiy as a philosopher, will have appreciated the value 
of bis numerous discoveries, and will expect both in** 
stniction and entertainment from the perusal of any 
treatise written by him. It will therefore be unneces- 
sary to attempt any eulogium upon his character, or to 
spend much time in convincing the English student that 
a treatise on Natural Philosophy by this author will 
amply repay him for the time and attention he may 
bestow upon the perusal of it. The excellent work o^ 
which a translation is now presented to the public, 
made its first appearance in France no longer back 
than the year ] 803 : since then it has been very widely 
circulated in different parts of Europe ; and has been 
so much approved wherever it has been read, that it 
was conceived the translating it into our language 
would be performing a very acceptable piece of ser* 
vice to such as had been hitherto precluded from de- 
riving any advantage froa^ the treatise by their ig* 
uorance of the langpiage in which it was published. M« 
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Haiiy's object in composing this work was not to pro- 
duce a compilation of earlier performances, a collection 
of insulated dissertations, in which every former the- 
ory shall be exhibited, but none examined ; it was 
rather to give a cast of unity to this department of 
human knowkd'ge, t^ .psesent NafeUNil Philosophy 
though in an abridged, yet in a complete form, to free 
it from a great number of superfluities with which it 
had been overcharged, and to develope scarcely any 
tut theories now solidly established, though perhaps 
previously contested, that he might be the better able 
to place Physics in the situation it ought to occupy, by 
dssfigning their due portions to the comparatively re- 
cent brianches of Magnetism, Electricity, Galvanism, 
CrystaHograpliy, &c., and by' enlarging those boundw 
aries which some rnodern author* seem to have esta« 
bfished upon, toa narrow a space. 

The Translator, after stating in these general terms 
the design of the Author, weuld refer te his nmsterly 
Introduction for such precise descriptions of the rea! 
objects of the different branches of physical science, 
such a luminous representation of the proper method 
of Conducting philosophical enquiries, and such a per- 
spicuous acconrrt of the nature of the following treatise, 
as cannot fail' to be read with advantage before the 
student enters upon the performance itself. 

M. Haiiy's work being intended for the use of the 
French National Lyc«eum, in conjunction with Biot'is 
valuable Elementary Treatise on Physical Astronomy, 
iind Francoeur's Etements of Mechanics, neither treats 
tipon* the subject of Astronomy nor enters into the 
tninuter mechanical details: m this respect his plan 
coincides with one formed some time ago by tlie Tran- 
slator, who, having already published treatises on 
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'Astronomy and Mechanics whick hare been well re- 
ceived, was desiroos to complete a cottrse of Natural 
Pkilosophy. But the supplemf^ntary part of his de- 
sign has been executed by M. Haliy in a manner so 
£ur superior to any thing be could himself hare accom- 
plished, that the Translator is persuaded he shall be 
Tendering the public a more essential benefit by laying 
before them the present Treatise, than by ofTering any 
original performance of his own embracing the same 
subjects. 

He has, however, during the progress of translation, 
thought it expedient rather than to publish the work 
without adaition, to increase its usefulness and its 
correctness as far as he was able, by mcrdus of notes : 
in these, therefore, he has sometimes adjusted a point 
of history, sometimes illustrated a point of theory, and 
sometimes given more minute informatioti ; — he has 
in varioBs instances endeavoured to do justice to Eng- 
lish philosophers, where the Author appeared igno- 
rant of their discoveries (for none of HaUy's omissions 
ean be imputed to want of candour) ; in some few 
cases he has corrected mistakes which had crept into 
the original ;— where an interesting subject was treated 
but cursorily, and would not admit of an ample dis- 
cussion in a note, he has referred to other sources of 
information ; — where instruments and apparatus ap- 
peared very important and admit of judicious variety, 
he has either explained other constructions besides 
those mentioned by the Author, or has made reference 
to well-known performances where adequate descrip- 
tions may be seen ; — and lastly, he has given concise 
accounts of such new discoveries, new theories, &€. 
connected with the several topics of the Treatise, as 
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have been made known since its first publication^ df 
indeed, $ome which bay6 connie to his knowledge while 
the translation has been printing. The notes which 
have been devoted to this diversity of objects are, 
therefore, tolerably numerous ; and it is hoped that, 
on the whole, they will be found of utility : but as some 
of them may possibly contain erroneous statements, or 
unsatisfactory reasonings, and the Translator has no 
wish that they should be ascribed to the Author, his 
notes are distinguished from those of M. Haiiy by let^ 
ters instead of the usual marks of reference (asterisms, 
obelisks, &c), and by placing at the end of each the 
abbreviation Tr. 

With regard to the translation itself, the Translator 
has been throughout desirous to convey the sense of 
the Author in such words as he would himself have 
adopted bad he been well acquainted with the English 
language and written for English readers : and, there-^ 
fore, since Ilaliy's style has few national peeuliarities^ 
tlie translation is presented as literally as the respective 
idioms of the two languages would allow. The tran- 
slator, however, cannot help apprehending that he has 
sometimes failed in communicating to his expressions 
that elegance and spirit which are often so manifest in 
the original. He has, he acknowledges, in a few ex- 
amples deviated from the Author's manner that he 
might sketch a faithful picture of his meaning : but he 
trusts he has in no case departed from his meaning for 
the sake of imitating his manner. He now commits 
to that public whose indulgence and liberality he has 
so often before experienced, a work, the design and 
execution of which will, he trusts, entitle it to approba- 
tion: though on the present occasion he aspires to 
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little else than the humble merit of liaviiig translated 
with fidelity a very useful and popular treatise on an 
important branch of human knowledge. 

Royal Militmry Academy ^ 
May Ui, IB07' 



%* A most severe and long continued domestic af- 
fliction caused this work to pass through the hands of 
the Translator very slowly and with many interrup- 
tions; and its melancholy termination occasioned a 
delay of some months^ during which the last sheets 
were detained in the press. But this circumstance, 
however painfully it may press upon private feelings, 
would not have been obtruded upon public notice 
were it not to blunt the severity of criticism ; and at the 
same time to mention that the delay may be productive 
of some benefit to the reader, since it has given the 
translator an opportunity of examining a new edition 
of the original work very recently imported, and of in. 
sorting at the end of the second volume the most im- 
portant additions. 

SipUmlnfiH, itOy, 
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INTRODUCTION. 



I HE different points of view under which natural 
bodies, and the phenomena which they present, may 
be examined) have given rise to various kinds of study, 
which are multiplied as the progress of mental illumi* 
nation has added new branches to the sciences already 
formed. The aggregate of all the knowledge thus 
resulting has furnished the three grand divisions, to 
which have been given the names of Physics ^ Chcniis^ 
tryy and Natural Ifistori/. 

If we consider in bodies their general and permanent 
properties, or if the changes that these bodies undergo 
are slight and transitory, so that the causes which pro* 
duced them need only disappear, in order that the bodies 
may return to their former state; if, moreover, the 
laws which determine the reciprocal action of the same 
bodies are propagated to distances more or less consi- 
derable, the results of our observation remain within 
the dominion of physics, or natural philosophy: but 
-when the phenomena depend upon an intimate action, 
which the moleculae of bodies exercise on eaifh other, 
at distances nearly infiuitcly small, and in virtue of 
which these moleculai separate to rc-unite in a dif- 
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a Introduction. 

fcrent order, and produce new combinations or new 
properties, the study of the phenomena appertains to 
chemistry : lastly, if our attention is directed towards 
the particular beings, of which some have the enjoy- 
ment of life and spontaneous motion, others live with- 
out moving of themselves, and others have solely a 
structure without organisation ; and, if our object be 
to class and to describe those beings, the point of view 
vhich is thus offered to us embraces the whole of 
Natural Historj', comprehending three sciences, dis- 
tinguished by the names of Zoology^ Botany^ and 
Mineralogy. 

In reality, all the sciences which respect natural 
objects compose only one and the same science, which 
we have subdivided in such a manner, that different 
minds may distribute between them the study of its 
various branches, and each run over the whole extent of 
that on which its choice is fixed. We must not, therefore, 
be surprised if it frequently happen that several sciences 
nearly meet at some one truth, so that there is no one 
which is not connected with others by points of contact 
more or less numerous. To draw an example from 
that which is tlie subject of this treatise, the modern 
discoveries relative to the properties of the gases, and 
of caloric, permit not physics to be isolated from che- 
mistry, when the question respects phenomena, the 
explication of which appertains to the theory of air or 
of heat ; for here he is the true philosopher who speaks 
Uie language of the»chemist. It is the same with re- 
gard to all the parts of our knowledge ; by turns thpy 
diverge from, and approach to, each other, and fre- 
quently fininh by becoming confounded, as if to remind 
UH that they all rise up again to the same unity, and 
that the diHtinction which we have placed between 
them procecdt^ solely from the limits of our mind^ and 
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tliosc of the time which is granted us for their cultiva- 
tion. We shall soon expound tlie plan v hich we hav«; 
traced, to circumscribe Natural Philosophy w ithin the 
liinits indicated by the design of our work. 

The objects which are contemplated in the study 
of this science furnish this advantage, that no extraor- 
dinary care or attention is necessary to find them col- 
lected about us, that the phenomena proiiuced are of 
familiar observation, and that the scene on which they 
are developed to us is incessantly present. The ex- 
periments, in which are employed the instruments 
constituting our cabinets of natural philosophy, are 
nothing else than imitations of these phenomena, des- 
tined to unveil to us their causes. Thus, the opera- 
tion of tiie air-pump teaches us the properties of the 
fluid which we respire : the effects, so striking to our 
curiosity, which are shewn by the electrical apparatus, 
assist us in determining the laws which regulate the 
fluid accumulated in a stormy cloud: the magnet, wliicli 
seems to command the motions of the needle in a mari- 
ner^s compass, when presented to its action, is, as it 
were, a momentary substitute fur the terrestrial globe 
which continually exercises upon the needle an action 
of the same kind : the coloured image of the sun, pro- 
jected by the light that has traversed a prism, gives us 
an idea of the decomposition undergone by the same 
fluid in a cloud, which, at the moment when it becomes 
resolved into rain, displays the magnificent spectacle 
of the rainbow. All these instruments so diversified, 
are so many interpreters of the visible language in 
which nature is incessantly speaking to us. • 

This word Nature j which we so frequently employ, 
must only be regarded as an abridged manner of ex- 
pressing, sometimes the results of the laws to which 
the Supreme Being has subjected the universe — at 
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others, the collection of beings which have sprung 
from his hands. Nature, contemplated thus under its 
true aspect, is no longer a subject of cold and barren 
speculation with respect to morals: the study of its 
productions, or of its phenomena, is no longer bounded 
to enlightening the mind ; it affects the heart, by kin- 
dling therein sentiments of revetence and admiration 
at the sight of so many wonders, bearing such visible 
characters of an infinite power and wisdom. Such was 
the disposition that was cultivated by the great New- 
ton, when, after having considered the mutual con- 
nexion which subsists among effects and their causes, 
and makes all the particulars concur to the harmony 
of the whole, he elevated his mind to the idea of a 
Creator and Prime Mover of matter, and enquired of 
himself why nature had made nothing in vain ? whence 
it happens that the sun, and the planetary bodies, gra- 
vitate the one towards the other without any interme- 
diate dense matter? and, how it could be possible that 
the eye should be constructed without the knowledge 
of optics, or the organ of hearing without the intelli- 
gence of sounds ? * 

The true method to arrive at the explication of phe- 
nomena, is that which was adopted by the same philo- 
sopher (Newton); and to which the sciences are in- 
debted for the rapid progress they have made, and are 
still makuig every day in the hands of so many learned 
men. That it may be better conceived in what this 
method consists, it will not be useless to establish in 
this place, clearly and precisely, the idea which should 
be formed of that which is called a theory^ to make its 
design and its advantages sensible, to tracp the limits 
by which it is separated from a system, and to prevent 

* Optiot LucUy lib. vii. quxst. 28. 
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the confounding of the productions of genius which 
exhibit nature such as it is, with those of the iniagina* 
tion^ which shapes it as it wilL 

The object of a theory is to connect to a general 
fact, or to the least possible number of general facts, 
all the particular facts which seem to be dependent. 
Our first steps in the sciences are directed towards the 
research of facts : our next employments are* to de« 
scribe them exactly, to ▼erify them strictly, and to 
multiply them. The former are given by simple ob- 
servation, and are presented as of themselves to an 
enlightened attention ; the latter are the results of expe* 
riments made with that care, that address, and that 
sagacity, which this kind of researches require. All 
these facts, discovered at different epochs, and by dif« 
ferent observers, stood, at first, as isolated particulars ; 
some of them even presented themselves under the air 
of paradox, and seemed to stand in contradiction with 
the other facts of the same kind. Thus the ascent of 
water in the body of a pump, limited to the altitude of 
33 feet, shews the defect of the obscure and unintel- 
ligible physics of that time, which attributed this ascent 
to a pretended horror of nature for a vacuum. But 
at length appeared the genius, to which was reserved 
the praise of re-uniting all these scattered links, and 
forming a continued chain, which would shew their 
descent and mutual dependance. 

Thus, the theory of universal gravitation refers the 
celestial motions, the flattening of the earth, and the 
great phenomena of nature, to the sole fact proved 
undeniably by observation, that the force of gravity 
acts in the inverse ratio of the square of the distance. 
By the aid of a similar law, demonstrated by experi- 
inent, relative to the electrical and magnetical actions, 
we see that the different effects upon bodies solicited 
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by these actions grow, so to speat, the one out of t!>e 
other, by proceeding fronn a common origin. The 
words attraction and repulsion y which serve to indicate 
ine fundamental fact on which the theory rests, only 
express properly the velocities with w^hich the bodies 
tend to approach to, or recede from, each other. The 
essentia) point is, that, knowing the law to which this 
tond^pcy is subjected, and applying it to the calculus, 
one .ina3'^ determine all the other facts which flow as 
cprollaries from the former ; and even the theory has 
this advantage, that, by its assistance, one may in 
future speak with certainty; because it follows from 
the connexion of facts once established, that what has 
been becomes a sure guarantee of that which will be ; 
so. that it will depend upon the calculus, by making a 
few steps, to calf before us a phenomenon which would 
not be presented till after a series of years, and to give 
to it an anticipated existence. 

Thus observation and theory concur equally to the 
certainty and to the developement of our knowledge. 
Each has a flambeau in her hand : observation d'u-ects 
the rays which emanate from her's upon everj'' fact in 
particular, in such manner, that the whole is placed as 
it were in day-light, that it becomes distinctly teruii* 
nated, and that it is presented to us under its true 
form : theory illuminates the aggregate of facts, and 
l*e-assembles, under the light of her torch, all those 
^ facts, at first dispersed, and which seem to have no- 
thing in common ; then they assume the air of a family, 
^nd appear to be nothing more than diflerent aspects 
of a single fact. 

It is now easy to judge how wide is the distance 
between a system and a theory: but we shall com^ 
mence by observing, that the word system may be taken 
m a favourable acceptation, when it is employed to 
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denote a dbposition of objects relative-to j(}ie sciences. 
Mathematicians make use of it to express the aggre- 
gate of bodies retained in connection by their mutual, 
actions. In the language of tlie higbc;r physics, if^ 
denotes the arrangement of the celestial bodies aboujt a 
common centre. Naturalifits liave also their systems^ 
which consist in such a uieth^nii^^aJ distribution of beings 
as is proper to facilitate the study. 

But a system I such a^ wc would consider here as 
what ought to be bani^^ted from natural philosophy, 
consists in a purely-gratuitous supposition, to which 
we endeavour to confine the course of nature. It is a 
yortex, it is an effluvium of subtile matter ; it is any 
thing that we please, for all is possible to the imagina^ 
tion. By the aid of this supposition, which always 
goes beyond the facts, given by observation, all is 
explained in a vague «Dd loose manner, satisfactory 
not^rithstanding in this, that it does not cost more to 
comprehend it than to invent it originally. Hence 
the system proceeds as at hazard ; always wandering 
' near the point, but incapable of determining any fact 
with that precision, that rigour, which constitutes the 
character of the true theory: in a word, the system is 
the romance of nature, while the theory is its history, 
and a history w^ich, without ever ceasing to be faith^ 
to truth, embraces at once the past, the present| and 
the future. 

We will now give an idea of tlie order which we 
liave followed in the distribution of the particulars 
which are the objects of this treatise, confining our* 
selves to the announcing those which ^ are most re* 
markable. 

We shall first explain the most general properties of 
bodies, commencing with those which attach most inti- 
piately to the nature of those beings, considered simply 
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as assemblages dF material particles : such is, for exam- 
ple, the divisibility, or the faculty which bodied have 
of being always separated into smaller parts. The 
other general properties depend upon certain forces 
that solicit bodies; such are,' in particular, gravitation 
and aflSnity. After having developed the laws of the 
descent of bodies, we shall compare affinity with 
gravitation, and shall lay down an hypothesis, by 
means of which we may refer both to the same prin- 
ciple. We shall take occasion, when treating of spe- 
cific gravity, to explain the method which has been 
followed in the determination of the unit of weight in 
the new metrical system, and shall join to this exposi- 
tion an abridged table of the system taken altogether. 

With regard to affinity, we shall endeavour especially 
to present an idea of the theory relatively to one of its 
most remarkable results, namely, the symmetrical 
arria-ngeraehts of the moleculee of one class of natural 
bodies uiider forms simikr to those of Polyedrae in 
geometry. 

Thence we shall procfeed to the consideration of 
another force, viz. that of caloric; which balances more 
or less that of affinity, and often ends by destroying it. 
We shall then treat in succession, — the equilibrium of 
caloric,— the manner in which one part of this fluid is 
combined with bodies, while another part escapes under 
a radiant form, — specific heat,— the effecls of caloric 
in dilating bodies,--^the passage from the solid to the 
liquid state, and from that to the state of elastic fluids. 
After that -^re shall enter upon several details relative 
to the variations of volume, of which solid and liquid 
bodies are susceptible ; and the part of these details 
which concerns fluids will furnish an opportunity of 
expounding the principles on which the construction 
of the thermometer is foundedt 



From all those different branches of knowledge whidi 
properly appertain to general physics, we shall pa9 
on to those which embrace particular physics, and 
which have respect to certain liquids, or to certain 
fluids, remarkable for the influence which they exeit 
in a multitude of natural phenomena. 

The first of these is water, which we shall first con* 
sider in its most ordinary state, that of liquidity, and 
which ^rill lead to the principles of hygrometry, and to 
the explication of the phenomena of capillary tubes, 
and the apparent attractions and repulsions of little 
bodies floating upon water ait small distances from one 
another. We shall then direct our attention to water 
in the state of ice, and shall, on that occasion, present 
the history of the congelation of mercury, explaining 
the results by the aid of which the true degree of cold 
to which that corresponds has been determined. Fi- 
nally, we shall treat of water in the state of vapour, 
and shall point out the advantage which human indus- 
try has drawn from the great elastic force exerted bj 
water in tliat state, when applied as a moving force to 
the motions of steam engines. 

The properties of air will then fix our attention : we 
shall consider the gravity of this fluid, its spring, the 
efiects of its pressure in elevating and depressing the 
mercury in the tube of a barometer, in elevating the 
water in the body of a pump, and in determining 
the play of the siphon: tiie law according to which 
the density of the air decreases in proportion as the 
strata of this fluid are distant from the cartlfs surface, 
will furnish us with the theorv of the method of mea- 
suring heights by means of the barometer : thence we 
shall pass to the efiects of caloric in dilating the air 
or augmenting its elasticity : we shall explain, when 
speaking of the former effect, the new researches 
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•#hfeh' bare led to the detepimnatiM c»f the ratio ac^ 
cording to which all the gases dilate from the tempe- 
rattjre of -the freezing point to that of boiling water. 

In the succeeding article we shall shew how evapo- 
ration is'prodaced by the'imion of water with air^ and 
what is the law to whkh the dilatations of gases atid^ 
vapours are generally subjected when they are blended 
together; afterwards wo shall add some details relative 
to winds and aqueous vapours. From thence we shall 
return to the effects of evaporation in order to deduce 
the origin of fountaiiis ; and after having run over the 
most general results of the properties of the air, we 
diall giVe the history of the discovery which has pro- 
cured to man th^ art, till then unknown, of raising him- 
self in this fluid, and of saihng therein by the assistance? 
of air-balloons. 

The air will be considered, lastly, as the vehicle of 
sound^ and as receiving from the. parts of sonorous bo- 
dies a vibrator}^ motion which gives rise to comparative 
s'OundSr We shall establish the series of relations from 
Irbicb our musical scale is formed, and shall exhibit 
the experiments respecting harmonical sounds attri* 
buted to Sauveur. We shall compare the gamut of 
the bugle horn with- that which is in common use, and 
which has its source in perfect consonance, and we 
shall present the reasons which appear to decide the 
preference in favour of this latter; proceeding from 
thence to some details relative to temperament* The 
manner in which sound is formed in wind instruments 
will assist us in explaining how it is propagated in a 
medium of unconfined air, and how different sounds 
traverse this fluid without mutually disturbing each 
other, and convey. to the ear impressions which are si-p 
multaneous at the same time that they are distinct. 
When arrived at the exposition of electrical pheno* 
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mcjna, we shall give to the developcment of that branch 
of physics an extent proportionate to its inr|oortance,' 
We shall first treat of tHe electrifcity produced, eithci? 
by friction or by comniunidation ; and aftet having^" 
established the distinctibh''^xish'ng between different 
bodies rclativelv to the two niodfe's of eltectrisatibrt, vrt 
shall propose thehypothesis of two'fliil'ds whose actions 
are combined in the production of 'th'6'plwnomeni, as 
that which furnishes the most happy atfd^'MrnpIfe^ten-' 
iler of comprehending them. We shall' next descrtU^ther 
experiments which demonstrate that thfe elcirtri'c^'acv 
tions follow the inverse ratio of thie s'tj^are 6f* we'dii* 
fance; and shall deduc6 fironi'thdt'''iA^' the cdriik^ 
quences which result with respect ft) the tendency of 
the electric fluid to disseminate itself entirely oVei* the 
surfaces of conducting bodies, and to the manner in 
which it distributes itself bett^een different ;l)6dies la 
contact. We shall then apply the preceding principle^ 
to electric attractions and repulsions, jto the power of 
points to sustain or energetically to dart the electric 
fluid, to tbfe commotion which accompanies the expe- 
riment of the Leyden phial, and to the effects of par- 
ticular instruments; among others the electrophofus 
^nd the condeaser. At the ehd of this article we shall 
place an exposition of the observations w-hich have 
served to establish the identity of the electric fluid and 
the substance of lightning, the theory of paratonneres^ 
with reflections on the advantage^ of those instruments, 
and the theory of the singular effect called tlje return* 
ing stroke ; and which consists in this, that a person is 
sometimes effected by the thuncjer far from the original 
place of the explosion. 

Another mode of electrisation which obtains by the 
intervention of heat, relatively to various speci6s of 
crystallised minerals, will furnish us with several dc- 
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tails upon the electrical actions of those bodies^ and 
upon the correlation which has been observed between 
tiieir forms and the position of the poles in which the 
two opposite electricities reside. 

In this place a new branch of physics presents itself, 
«nder tlie name of Galvanic Electricity j and of which 
the true prinqple is deduced from the phenomenon 
discQiyiered hjy; Vol^^ of ^n electricity excited by the 
simple contact of two different metals. We shall first 
lelat^the experiments performed by Galvani on cold 
blooded aninr)als, and the consequences which have 
bc^.jdeduced from them ; afterwards we shall develope 
tile tbeory of, ):^ie celebrated Pavian philosopher, mak- 
ing the application to the pile which bears his name, 
and to the different effects which it produces. Thence 
we shall pass to observations made upon electric fishes,' 
such a» the torpedo, whereof the properties known 
]kmg ago appear to be derived from a structure ana^ 
logous to the disposition of the elements of the pile. 
We shall next shew how the Galvanic electrity united 
on on^ part to the animal economy, has been drawn 
iDto the domains of chemistry by the phenomenon of 
the decomposition of water; and we shall finish by 
fe^niting in one view the totality of those reconciling 
facti^ which tend to exhibit to us in Galvginic electri- 
city nothing else th^n a modification of ordinary elec- 
tricity. 

The resemblance existing between the laws which 
regulate the action of magnetic bodies and those of 
jdio-electric bodjes, naturally place the theory of mag- 
netism by the side of that of electricity : we shall there- 
fore adapt, in like manner, in reference to the expli- 
cation of magnetic phenomena, the existence and the 
simultaneous action of two different fluids. But here 
the necessity in the developement of the theory of 
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causing the confederation of the magnetic action 
erted by the terrestrial globe to intervene at each in- 
stant, requires that we previously give an idea of that 
action, and of certain general facts depending upfm it. 
We shall then proceed to explain the method which 
has served to prove that the law presiding over tko 
phenomena of magnetism conforms to the inverse n^o 
of the square of the distance, as does that on which the 
electric phenomena depend. From this we shall gooa 
to the explication of the effects produced by the mag* 
nets which we have at our disposition, such as the at- 
tractions and repulsions: and we shall clear up the 
species of paradoxes presented by several of these 
effects; particularly that which results from this ctr- 
cumstance, that a detached portion of a maguet be* 
comes suddenly itself a magnet, provided with its two 
poles. Pursuing the application of the theoretic prin- 
ciples to different methods of magnetising, especiaUjr 
to that of double contact , we shall analyse these effects, 
at the same time that we shall indicate the most advan- 
tageous modes of employing them. 

In the last place we shall return to a mere detailed 
account of natural magnetism, and shall set forth all 
that observation and theorv teach relative to the de- 
clination and inclination of the magnetic needle, to the 
variations of both in consequence of a change of place, 
or of a succession of time in the same place, to those 
local and transient perturbations which the French call 
uffoUefnenSy to the singular phenomena produced by 
the magnetism of the globe upon unuiagnetic bars of 
iron, and other similar bodies exposed to its action; 
and lastly to the state of habitual magnetism, in wliich 
the different mines of iron dispersed within the bosom 
of the earth are found in virtue of the same action. 

We have reserved for the end of the work the most 
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. delicate of all the theories, namely tliat which relates 
. to light. We shall 6rst discuss the two c^ioionsy of 
which the one makes this fluid consist in an emanation 
from luminous bodies^ and the other supposes it dif- 
fbsed through all the sphere of the universe, and ani- 
mated by a vibratory motion communicated to it by 
the same bodies ; we shall adduce the reasons which 
ensure the preference to the former opinion. We shall 
shew in what manner we have attained a measure of the 
Telocity of light, and shall place at the end o( these 
prime notions the description of the aurora borealis, 
considered simply as a phenomenon of light, of which 
tbe cause has not vet been well determined. Then we 
fliiall exhibit the laws of tlie reflexion and refraction of 
light, and the most general effects of tliese two species 

. iA deviation, in the case where the incident ravs meet 
a concave or convex surface. A closer examination of 
the same subject will present us with an opportunity 

. of conadering the mutual relations of reflexion and 

refraction, and to refer the physical explication of both 
to an action which is exercised at distances almost infi- 
nitely small : we shall again find the same action in the 
phenomenon known under the name of the infiexion 
or the diffraction of hght. To complete this theory 
of the forces which bodies exert upon the luminous 
fluid, we shall develope the results by whose aid New- 
ton has read, in some 3ort, in tlie laws of refraction 
combined with the density of bodies, tliat the diamond 
is combustible,' and that water contains an inflammable 
principle. 

In the next place we shall proceed to the discoveries 
of Newton on the nature of light considered as a mix- 
ture of an infinity of rays differently refrangible, and 
ofiering in their colours an imperceptible gradation of 
shades bearing relation to seven principal species. The 
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resuks of experiments made by the aid of the prim 
vill lead to the explication given by the celcbrutad 
English geometer, of the manner in which the rainbbw 
is formed, to the consequences which he has deduced 
from the phenomenon of coloured rings with respect to 
the natural colours of various substances, and to the 
difference between transparent ^nd o|)aque bodies. 

From thence we shall pass to the ptienomena of vi* 
sion ; and after having described the structure of the 
eye, shall first consider tliat organ in circumstanoes 
wliere under the guidance of tlie touch it acquires an 
exercise which may become the foundation of rules 
from which we judge of the form, the magnitude, and 
the distance of objects. We shall afterwards explain 
how the defect of sortie one of the conditions implied 
in the same rules draws the eye into tliosc errors 
which have been called optical illusions; among which 
two of the most remarkable arc, that which induces us 
to suppose the moon is much greater in the horizon 
than at the meridian, and that whence springs the 
apparent derangement of the stars, known under the 
name of aberration* 

To the effects of natural vision will succeed those of 
vision assisted by art. The laws of reflexion will en« 
able us to conceive hpw the images of objects, such as 
those prci^.nted by mirrors, are produced ; whether 
those which, having a plane surface, depict those 
images &ithfuliy, or those which, being concave or 
convex, cause a variation in the forms, magnitudes^ 
and distances. We shall next contemplate the effects 
of refracted light, with regard to vision ; and first sup- 
posing a tiefringent medium having a plane surface^ 
and a i^iant point placed in its interior, we shall treat 
of the question relative to the determination of the 
imaginary point of concourse of rays, which, after pro- 
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ceeding from the radiant point, are dispersed by the 
effect of refraction on passing into a different medium. 
Afi^r having applied the same theory to the vision of ob« 
jects situated in Mrater, we shall describe a very remark- 
able phenomenon depending on the property possessed 
by certain substances of doubling the images of objects 
seen through two of their faces taken on two opposite 
sides ; and we shall attempt to throw some light on the 
theory of this phenomenon, by considering in carbonate 
of lime that of all the substances in which it is re- 
quired to reconcile better with observation the divers 
circumstances that modify them. 

We shall then develope the effects of simple glasses, 
'which, by means of their curvature, assist our sight, or 
remedy its imperfections. The theory of these effects 
will Ic^ad us to explain those of instruments which re- 
sult from the combination of several glasses, such as 
telescopes and microscopes ; and to make the resources 
known whidb art has derived from refraction, whether 
employed solely or when combined with reflexion, in 
magnifying objects, drawing them nearer, and shewing 
to us those whose existence would be otherwise un- 
known. We shall especially endeavour to present 
with perspicuity the principle on which the construc- 
tion of achromatic telescopes is founded, retarded for 
a long time by the obstacle which was opposed to it in 
the authority of Newton, first announced as possible 
by Ealer, and undertaken with much success by Dol- 
lond. Finally, tliat nothing may be omitted which will 
be interesting in a subject so varied, we shall give a 
succinct description of instruonients, such as the camera 
obscura, and tlie solar microscope, which produce their 
effects on a plane duly presented as a gvQund to inter- 
cept the pencil of light. 

In what we have borrowed from chemistry we have 
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Ihmted dorselves to that which was necessary, in order 
to understand the physical phenomena which partly 
depend on affinity or some other analogous force. 
Besides, we could so much the rather be excused from 
descanting on the branches of knowledge relative to 
tlie actions of these forces, since France is beholden to 
the labours of Chaptal*, Fourcroyf, and Bertholet|^ 
for many justly celebrated performances, in which 
these tO{Hcs, and all others embraced by the same 
science, have been developed in such a manner, that 
Bothiug else need be desired. 

Our design in composing this work has been, to 
present an accurate and rational Treatise of Natural 
Philosophy. We have cited only a small number of 
experimeifts, chosen from among the most decisive^ 
and we have given to the consequences deducible from 
them, ail the developement consistent with our pur« 
pose. An explication becomes vague when it is re<* 
duced to that which has fiirtber goierality. Details 
are, so to speak, the touchstone of theories; either 
they guarantee their justness, or they detect their 
incorrectness. They put it in our power to folio w^ 
step by step, the progress of nature ; they enable us 
lo understand all the relations which establish the 
mutual dependance of facts, either one with another^ 
er with the fact that serves as the basis of the theory. 
They generate those distinct ideas which perfect and 
polish, so^ to speak, the conception of a phenomenon* 
These developements have, moreover, this advantage, 
that they fill up the vacuities perceived by those who 

* Element dc Chimie. These have been trantltted by Nicholson. 

t Eleinens d'Histoire Ntturelle et de Chimie. Systeme des Connoisnncef 
Chimiques. Transbted» the fonner by Heron and by NichoboD, the latter by 
Mkholflon. 

X Esni de Scadque Cfaimifue. Translated by 

VQL. I. C 
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would go to the bottom.. of things, and obviate tb^se 
questions which would leave the mind in a state of 
darkness. 

In adopting this method of treatipg a subject which 
has such numerous and frequently such delicate rami- 
fications, and which expands itself so as to comprise 
scientific topics quite mbdern, and as yet but little 
known, we have felt the necessity of consulting others; 
and we conceive ourselves bound to express our ac- 
knowledgement here, that we havie gained much from 
the discourses of the celebrated Laplace. It is known ^ 
that in the midst of his sublime investigations relative 
to physical astronomy, he has discovered the secret of 
acquiring, in the different branches of knowledge, a 
superiority rarely attained even by those who cultivate 
only one. 

In attempting to present, by the assistance of simple 
reasoning, the spirit of the geometrical methods em- 
ployed to demonstrate the truthfe which we propose to 
develope, we thought a complete exposition of the 
methods themselves might be dispensed with : we have 
merely placed in notes some results not to be found 
elsewhere ; and we cannot but be sensible with what 
pleasure those will be read which. relate to Electricity, 
and which we obtained from our* learned brother Biot, 
who, by permitting us to publish them, has furnished 
a ne^ token of the interest which he is pleased to take 
in our labours. 
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iSTAtURAL PHILdSdPIlV. 



u Natural philosophy proposes f*or its object 

the knowledge of the phenomena of nature. In the; 
production of the^ phenomena bodies manifest various 
properties, the study df which must particularly excite 
our attention ; and it is in investigating tlie laws esta- 
blished by the Supreme Being, to regulate the exercise 
of these properties, that we rise to the invention of 
• theories which serve to connect the facts one to an- 
. other, and to shew us their mutual dependance. 



1. ON THE MOST GENERAL PROPERTIES OF 

BODIES. 

2. Among the different properties of which bodies 
are possessed,- the first that present themselves to our 
observation are those that are most intimately attached 
to the yerynature of those beings considered as siobple 
assemblages of material pajrticles. Tbese may be re« 

c 2 
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duced to the iJlkee following : ExtensioD, Impenetra^ 
biiity, and Divisibility. 

Z. Some philosophers hare exhausted themselves in 
tedious discussions, in ovAer to ascertain what is the 
true notion of extension, and whether it constitutes 
the essence of matter. We know not f doligh of the 
nature of bodies to decide this sort of questions, and 
the true philosophers of the present age do not employ 
themselves about them. Satisfied of this, that they can 
learn something of extension as it respects the senses, 
they conceive that there is exten^n, especially where 
there is contiguity and distinction of parts ; and that 
which is interesting to them is to be able to measure 
extension, instead of amnnng themselves with defining 
it: this is effected by comparing the different parts, 
and deducing from that comparison results truly useful 
in the progress of our knowledge. 

1. Of Extension. 

4, The manner in which the extension of a body is 
bounded in every direction, determines the figure of 
that body ; and it may be said that the figures of bodies 
admit of an infinite variety, considering the matter 
generally, and re-uniting all the shades that may be 
presented by the portrait of nature. But these shades 
only modify, more or less slightly, the striking and 
prominent resemblances which otherwise exist between 
the beings of each species^ whether among animals 
and vegetables, or even among a great number of inor« 
ganic bodies, enclosed within the bowels of the earth ^ 
flow fixing our attention principally on these latter, 
i)m consideration of which, under a certain point of 
^Wf falls within the jurisdiction of natural philosophy, 
te nmy be remarked, that many of diese bodies will 
ffm$M r^;ular and detenninate figures, such that their 
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aspect announces, at once, the action of a cause sub* 
ject to certain laws which have their measure and their 
limits. These bodies are called crystals^ and have a 
considerable analogy with the solids contemplated by 
geometers : thus in minerals, the character of perfect 
tion is attached to the right line ; the rounded forms 
are owing to a species of perturbation, which are 
proofs that some forces formerly solicited the mole- 
culaof mutually to unite ; while in animals and vege* 
tables, the contours and the softened curvilinear boun* 
daries appertain to the org^anisation itself, and largely 
contribute to the grace and elegance of their shapes* 

5. PMIosophers have concluded from these observa* 
tions, that crystalised bodies are themselves composed 
of particles of a determinate figure, and several of theo^ 
have had recourse to the microscope, with a view of 
extorting from nature the secret of elementary forms^ 
calling in the assistance of this instrument to trace the 
origin of crystals. But in this case the microscope 
reveals nothing beyond what may be discovered by 
the unassisted eye; the smallest bodies we can per« 
eeive by their aid are crystals only in part formed^ 
and these merely difEer in their dimensions from those 
wboee augmentation has arrived at its limit. We shall 
explain, farther on, the only means that appear suscep* 
tible oi gai4ing us in researches of this kind, and shall 
propose in that which is subjected to our observations 
indices which, if not certain, are. at least probable, of 
the forms assumed by those indefinitely small parts of 
nature which Itlways escape our view. 

6. The extension of a body, considered relatively to 
the magnitude of its dimensions, gives the volume of 
that body: it is equivalent to that which matliemati* 
cians cdM^oUdity. 

Hitherto we have only contemplated the surface, or 
the cover (if we laay so speak) which envelope bodies. 
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Wc tihall now proceed to shew what are the properties* 
which result (torn the material parts comprehended 
under that cover. 

7. If there were no vacuities in bodies, the prc^r 
quantity of matter of different bodies would be pro- 
portional to their volume ; but it is known^ that the 
interior of bodies is pierced with an infinity of minute 
racuities, to which have been given the name of pores; 
and indeed it is very probable, that there is in bodies 
much more of void than of occupied space; The sum 
total of the material particles of a body -is called its 
mass; and the sum of the material particles comprised 
mider a given volume, assumed for a unit of measure, 
(as a cubic foot, a cubic inch, &c.) is called the density 
of the body : whence it results, that the density is the 
ratio of the mass to the volume, or, which aanounts to 
the same, it may be represented by the quotient of the 
mass divided by the volume. Th«s, for example^ a 
piece of '"wood 'may have a greater miauls than- a piece 
of gt>M ; provided its volume sufficiently exceeds that 
of the gold : but the M'ood is, necessarily,!of less density 
than the gold, because it contains, undet a given 
volume, much fewer matetial particles. 

8. The ficulty possessed by all bodies, of contract- 
ing during the process of cooling, as we shall ^iqilain 
in the sequel, shews that their moleculse ieave little 
interstices between them, which are permitted to ap- 
proach one another : but even when we suppose the 
refrigerating process carried to its extreme, it does 
not follow, that the moleculae will be entirelv free from 
little separating spaces; since there may be in their 
form, their arrangement, and other circumstances, a 
tJaus^ of separation appertaining to the intmiate nature 
of bodies. Hence we see that the expression oiimme^ 
'^tate contact f so frequently employed when speaking 
pf the mplecute of bodies, cannot be taken literaHy; 
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it solely denotes the smallest respective distance to 
which the particles can approach, with regard to the 
circumstances under which they are found. 

Philosophers demonstrate the porosity of bodies by 
the aid of several well-known experiments. Produce 
a vacuum by means of an air-pump in a e^lass tube, 
terminated at its upper part by a wooden cup, whose 
bottom is 7 or 8 millimetres (about ^ of an inch) in 
thickness, and fill the cup with water : this liquid will 
pass through the pores of the bottom of the cup, and 
fall in drops withm the tube. Substituting for this 
latter another tube, furnished at top with a phial or 
bottle of crystal, to which a piece of ox-leather serves 
as a bottom, and which is filled with mercury to the 
height of two inches : on the first strokes of the piston 
^e mercury will be perceived falling into the tube, 
under the form of a silver shower. 

9. The same property may be demonstrated by 
means of a simple and interesting experiment made 
upon a stone, of which Newton has spoken, as pos* 
sessing this same property, since it gives rise to a par- 
ticular phenomenon of light*. 

This stone is of the kind named agates j which are 
semi-transparent, and sufficiently hard to emit sparks 
at the stroke of a piece of steel : it 1^ received the 
name of fn/drophanous agate. When this is plunged 
into water, numerous series of little air-bubbles are 
seen to rise from its surface, succeeding each other 
without interruption. This air, which previously occu- 
pied the pores of the stone, is dislodged by the water 
which supplies its place : at the same time the stone 
acquires a new degree of transparency; and if we 
weigh it before the experiment, and again after the 
experiment, we shall find that its weight is augmented 
by a sensible quantit}^ We shall explain the physical 

* Optice Locttypan tertip, propot.|erti«t 
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cause of the transparency of the hydro{danous ^ate^ 
urben we coine to speak of the phenomena of light : 
we merely consider it here as offering a remarkable 
example of the porosity of bodies ; and eren the expe * 
riment we hare just cited shews us more than we caft. 
learn from the ordinary experiments,, namely , that we. 
ought not to consider the pores as being absolutely 
void of all foreign matter, but rather as being oceupied 
by air, or some other subtile fluid, disseminated between 
the rooleculaa of bodies. 

An hydrophanous agate, weighing about 18 deci« 
grammes in its ordinary state, after having been sub*, 
jected to this experiment weighed very nearly 21 deci«r 
grammes : whence it follows, that its weight was aug« 
mented by its sixth part. The stone loses, by the dry^ 
ing up of the water which it had imbibed, and recovers 
at the same time its natural opacity. 

10. The skin of man and of animals is {Merced with 
an infinitude of pores, through which, by means of the 
transpiration, the parts oi the aliments escape which 
do not contribute to nourishment. Independently of 
the sensible perspiration, which is called sweat, and 
which is accidental, there is, nioreover, one that is 
insensible, acting more or less at every instant, and 
which none could conceive to be so abundant as it is,, 
before the experiments of Sanctorius. This celebrated 
philosopher has liad the resolution to pass a part of his 
life in a balance, wherein he weighed himself, in order 
to determine the loss occasioned by the effects of the 
insensible perspiration. He has found that this kind 
of evacuation causes us to lose, in the space of twenty** 
four hours, about \ of the nutriment which we have 
taken. 

Dodard, in repeating afterwards the same expert* 
ments, has had regard to the difference of age, and is 
convinced that a person perspires much the most in his 
youth* But the philosopbecs. vrbo have directed their 
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attention to this object hare not sofBciently distin* 
guisbed the effect of the perspiration or transpiration 
which is performed by the lungs, and of which tha 
mattar escapes by expiration, from the effect which it 
attributable to the cutaneous perspiration, or to that 
which obtains through the intermediation of the skin. 
Segnin has undertaken, in conjunction with Lavoisier^ 
to determine these two effects separately; and after 
having sought, in the usual mamier, the total result of 
the transpiration, has suppressed that which is per- 
formed by the skin, by applying upon that organ « 
cover impermeable to the humour which it transmits 
Outwardly: thus has been obtained the quantity of the 
pulmonary transpiration: and the mean between the 
results of these experiments gives ^ for the ratio 
between this quantity and that of the cutaneous per« 
spiration — ^that is, the effect produced by the puImo« 
nary transpiration is more than tlie third of the total 
effect (a). 



{a) Am M. Hifiy hat not mtntioaed any of the rtatarclict whidi Ittre btea 
made into thii intercating subject by Brkiah philoaopbcn, the translator wai 
•alicitous to aopply thia deiicienqr; and has been enabled tcMiccomplufa it bf 
the kind loan of some able performances from the library of an eminem phy* 
sidan, whose extensive knowledge and professiooal skill can only be eqiialM 
by his urbanity and readiness to oblige. 

Besides some remarks on this topic, incidentally thrown out among Dr« 
Adair Crawford's valuable ** Experiments and Observations on Animal Heat*** 
those who wish to acquaint themselves with the aUest dissertatloas relative lo 
it, would do weU to consuk Dr. Lining's ** Account of Statical ExpertmenM^ 
made on hineelft several times in a day for one whole year," in vol. xlii. of 
the Phil. Trans. (New Abridg. vol. viii.) ; ** Disaeratio medica inauguralis, dt 
Peispiratione Inaettabili^-4ac. Hamiltoo," m Themurus Medicus, voL iii.; 
M An £sny on the Fmictmns of the Skin," being the third of Mr. Abenrn* 
thy's Surgical and Philosophical Esnys; and ** Experiments on the lnse»sihl» 
Perspuration of the Human Body, shewing itt Affinity to Respiration," by Mr* 
W. Cruikdiank, lau Profoisor of Chemistry at Woolwich. 

Sanctorios, in a aeries of experiments, weighed himself daily for 30 years, 
inth a view to determine the quantity of the insensible perspiratioo; but did 
not t^ce into hb cakokitioB the insensible absorptioo from the atmosphere ; 
and might, therefore^ frequently be attributmg that to checked perspiration 
wtdch bekmgis^ to iitMUe abMqpcioik H« a pga m tiip xq hivt allowed too 
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11. We have not any means of estimating the abso« 
lute density, of bodies. It would be necessary for this 
that there* should exist a perfectly dense matter, which 
might serve for a term of comparison, to ascertain with 
respect to every body, the ratio between the proper 
quantity of matter and the sum of the pores. 'Through 
'the want of such a substance, we can only compare 
with one another the different densities of bodies ; and 



Kttle out of eight pounds of food, for the loss by urine and the intestinal dis* 
charge. Though, after all, it is prd)able his determination of the insensible 
perspiration was too low. 

Boerhaave remarked that, by thrusting the naked arm into a long narrow 
fifasi vflfdselythe insensible perspiratuAi becomes sensible, in the same way that 
the vapour of the lungs becomes sensible by winter's cold, or breathing on a 
mirror. And Winslow says, he could demonstrate the visible perspiration, by 
opposhig his naked head to a white wall, in a fine summer's day, as the vapouy 
would then appear ▼isible, and ascend like smoke. 

Tgcheniu^, collected four ounces of water in bed, by previously oiling his 
sheets ; an experiment exactly similar to that of sleeping in sheets of oiled silk. 
\ Olitn tacbenhis (says HaHer) sub tela tdea tincta ad quatuor aqua uncias coi» 
iegit" The idea was ingenious ; but, as Mr. Cruikshank remarks, ** the error 
here was, that tl)e absorbents of the skin were drinking up the condensed va- 
pour, perhaps almost as fast as it was thrown out by the vessels of perspiration." 

Mr. Abernethy proposes the distinctive appellations of aqueous and aeriform 
perspiration, instead of sensible and insensible perspiration. This gentleman 
concludes, from his experiments : 1st. That the remainder of the perspired air, 
after the separation of the carbonic gas (fixed air, which, he think^ constitutes' 
full two-thirds of the whole), is nitrogeneous gas (phlogisticated air)^ 2dly. 
That the quantity cannot be well estimated. Cdly. That when, by exercise, 
aqueous perspiration was increased, less air was produced ; if the same vessels 
secrete both these fluids, this observation would naturally be expected. When 
the circulation is moderately carried on, insensible or aeriform perspiration is 
chiefly continued ; but when the determination of blood to the surface is rapid 
and powerful, w^er is poured forth from the exhalents, and the perspiration 
becomes sensible. The experiments, he says, are decisive as to the quality^ 
though not entirely so as to the quantity of the matter exhaled fi'om the skin. 
In three experiments, however, the least quantity of carbonic gas emitted from 
the hand, in one hour, was three drams by measure ; it being supposed that 
the heat of the weather increased the secretion fi'om the skin, he considers two 
drams as the ordinary quantity. If, then, the perspiration of all parts were 
equal, seventy-seven dram measures of carbonic gas, and one-third of that 
quantity of nitrogeneous gas, would be emitted from the body in the space of 
one hour : and if perspiration be supposed at all times of the day nearly 
equal, about three gallons of air would be thrown out from the body in the 
course of one day. Although the quantity of air perspired is so large, yet Mr. 
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this is accomplishod by. the assistance of weights^ aa 
vre shall explain speedily. 



I. Impenetrability. 

12. By tmpenetrabilitj/ is meant the faculty which a 
body has of excluding every other body from the place 
that it occupies, in such manner, that two bodies placed 
in contact can never occupy less space tlian tliat which 
they filled when they were separate. The impenetra- 

Abernethy concludes, ^at the weight of the body will not be much altered by 
its loss — ^it being the aqueous perspirattoa by which that will be prindpallf 
diminished. 

Mr. Cruiksluuik judiciously observes, that the size of the body, the quantity 
of food taken in, the vigour with which the system is acting, the passions of 
the mind, and external heat or cold, are circumstances which will ever occasioa 
considerable variety in the quantity of the insensible perspiration. This gen* 
tleman, assuming that the surface of the hand is to that of the rest of the body 
as one to sixty (an assumption which Mr. Abemethy thinks much too smaS 
for the body), and that every part of that surftce persp'ued equally with hig 
band, concluded that he lost during an hour, by insensible perspiration firom 
the skin, 3 ounces 6 drams ; and in 24 hours, at that rate, would have lost 7 
pounds six ounces. Also, that he lost 1'24 grains of vapour by respiration, ia 
9U hour ; or 6 ounces, I dram, and 36 grains, in 24 hours -, which, added to thm 
former cutaneous exhalation, would make the whole insensible perspiration, im 
24 hours, equal to 8 pounds, 1 dram, and 36 grains : the evaporation from the 
hmgs will be little more than one-fifteenth of the whole. This result is, as th« 
reader will perceive, widely different from that of Sequin, mentioned by M. 
Haiiy. 

Mr. Cruikshank has not the smallest doubt, but that eUdrie fuid is also 
perspired from the pores of the skin : it aiipearing to htm impotsiUe that an 
enraged lion, or cat, diould erect the hairs of the tail on any other principle ; 
indeed he suongly suspects that, as elecuic fire is now known to be the pfime 
conductor of the variation in the atmosphere, so it is also the grand conductor 
of insensible perspiration. He likewise sutes it as a matter beyond doubc, 
that, independent of aqueous vapour (of fixed air and phlogiston) emitted from 
the skin in insensible perspiration, there is an odorous effluvia, which, though 
generally insensible to ourselves and the bye-standers, is perceptible to other 
animals : this is remarkable in the parts of generation, arm-pits, and groins. 
Hence it happens, that a dog follows the footsteps of his master by the smell ; 
and, in like manner, with regard to other animals : the fox-hound knows afar 
the' smell of the fox; the pointer that of the partridge, the snipe, or the phca* 
tant \ and every camivorout aaimal that of its pny^^Tft* 
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fcility of solid bodies does not require to be proved — ^it 
strikes us at first view ; but fluids, having their mole-* 
culae perfectly moveable in every direction, and yield- 
ing to the slightest pressure, their impenetrability does 
not manifest itself so perceptibly as that of solid bo- 
dies. Taking the air for an example: so long as this 
fluid is not enclosed in something, its^xtreme mobility 
causes it to admit a free passage to all bodies which 
are moved through it ; but in this case it is properly 
displaced, and not penetrated ; for, if the air be in- 
cluded within the sides of a vessel, and anotl^er body 
be then presented to take its place, without suffering it 
to escape, it will exercise its impenetrability in the 
aame manner as solid bodies. It is easy to be con- 
vinced of this by the aid of a very simple experiment, 
nvhich any one may make: it consists in plunging a 
vessel vertically, with the orifiqe downwards, in an- 
other vessel filled with water to a certain height : the 
surface of the water corresponding with the orifice of 
the first vessel, is depressed as tlds vessel itself descends ;. 
and this depression may be rendered more sensible by 
means of a little; plate or slip of cork, placed so as to 
float upon the surface of the water : nevertheless this 
water is not excluded by the air occupying the im- 
mersed vessel ; it is always raised within it by a cer<- 
tain quantity, which augments as the vessel is im- 
mersed to a greater depth : but it is suflSciently evi- 
dent, that this ascension is occasioned by the circum- 
stance that the air is a compressible fluid, and there* 
fore its volume is contracted into a smaller space, by 
the effect of the compression exerted upon it by the 
surrounding water on all parts, in virtue of its weight. 
We must here . notice a difficulty which appears to 
result from this, that when we have mingled certain 
bodies, the volume of the mixture is less than the sum 
of the volumes taken separately. This happens, for 
example, when we nape equal parts of alcohol ^nd wafer; 
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the same also obtains when we mingle by fusion eoppet 
with xinCj in order to form the compound metal called 
brmss: it is then observed, that the density of the 
mixture is augmented by about its tenth part. This 
apparent penetration is owing to the circumstance, that 
the moleculse of the two bodies, in consequence of 
their respective formation, generally approach oim 
another more than in the two bodies taken separately: 
there hence resists, in the figure of the pores, such a 
change as diminishes the space equal to the sum of 
these pores. On the contrary, in the alloy of silver 
with copper, a kind of rarefaction is produced, such 
duit the volume of the 'mixture is a little greater than 
the sum of the volumes of the two bodies, previous to 
fusion. 



S. Divisibility. 

]8. The word dwisibilittf^ restrained to its simple 
signification, presents no idea that is not perfeotly 
known, since all bodies have parts which are readily 
conceived to be separable, the one from the others 
But is maitter itself really divisible to infinity, so that 
its division does not admit of any possible limits? or 
rather, is it constituted, in the ultimate result, of indi« 
visible raoleculae that must be regarded as simple? 
Here springs a new source of interminable diacu86M)ns 
between the partisans of the two opinions, wherein the 
human mind has exercised all its subtilty to find argu* 
ments in &vour of each, and to oppose difficulties to 
the other : after having disputed much, and writtea 
much, all on the subject of an atom, it is not at aU 
advanced; and indeed the solution of the question 
itself would not give one step to the progresvof scieiKiti 
Let us banish from natural philosophy all iqueatioQ^ 
so' uufruitful| 83 they respect the progic^a 4if j^ur 
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knoti^Iedge. Ifiistead of enquiring whether bodies admit 
of infinite division, we would analyse them, as far as 
is consistent with ouf own powers ; and would deduce 
from the analyses such knowledge, as will diffuse light 
Cirer facts previously regarded as inexplicable/ It has 
been wisely remarked, that the bounds of experience 
and of observation are, in relation to us^ those of 
tiature itself. 

14. It is, however^ certain with respect to the divi- 
non <of bodies, that in the result parts are separable 
the one from the other, the minuteness of which sur- 
passes the imagination. In proof of this, we may first 
mention colouring substances, and particularly car- 
mine, which is a kind of powder obtained from the 
insect, commonly named cochineal. Dilute a small 
quantity of this powder, to the w^eight of five centi- 
grammes (or about ^t>f a grain), by putting it at the 
bottom of a vessel, in which is afterwards poured 15 
kilogrammes, or nearly 30 pounds, of water: the 
colour will be so diffused, as to be perceptible through- 
out the whole volume of the water. The weight of 
this water being three hundred thousand times greater 
-^an that of five centigrammes of carmine, if it be 
supposed that each centigramme of the fluid mixture 
Contains only two moleculae of the colouring princi- 
ciple, there willbe three millions of visible parts in 
five centigrammes of carmine. 

The impressions made upon the sense of smelling 
are not less proper than those which affect the sight, 
in assisting to judge of the extreme divisibility of 
which matter is susceptible. There are bodies whose 
weight is scarcely sensibly altered after a long interval 
of time, during which, all those who are found within 
a certain distance incessantly experience the action of 
^ odoriferous particles emanated from the substance 
of these bodies. 

There is taken from a bag, contained im the bodies 
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of certain animals, a substance^ to vrhich has been 
given the name of muskj and of which a single grain 
will send forth a strong odour, during a certain num- 
ber of years, in an apartment into vhich fresh air 
is frequently admitted. The simple friction of a 
paper, in which a small portion of the same substance 
has been wrapped, will suffice to make a habit impart 
a fragrant smell for several days. 

15. Some operations in the arts will furnish a mucli 
jnore just idea c^ the same property, because their 
results are susceptible of being reduced to calculation. 
'Recording to the observations of Boyle, the weight of 
a grain of gold, or about 53 milligrammes, reduced to 
leaves,wili cover a surface of 50 square inches ; each of 
which will, of consequence, measure nearly 27 milli- 
metres across ; but, we may conceive the millimetre 
(about -^ of an inch) divided into eight visible parts ; 
this will give 46656 little visible squares in a square 
leaf of gold, each side of which measured 27 milli- 
metres ; and, as the number of these leaves is 50, we 
may conclude that a small mass of gold, weighing 
only a grain, may be divided into more than two 
millions of parts, each perceptible to the simple sight ; 
but, by means of a microscope, each of tiiese parts 
would become as it were a leaf of gold, where the eye 
and the computation would still find subjects for their 
exercise. 

This division proceeds much farther stilly in the 
labour of wiredrawing gold. Take a certain quantity 
of leaf gold, in weight not exceeding three deci«> 
grammes, or about an ounce, and cover with it a 
cylinder of silver* Cajase this covered cylinder to 
pass successively through several holes in a,wire*draw» 
ing iron; and, when it is reduced to a thread as deli^ 
cate as a hair, it will be covered on all its pbints by 
an extremely thin cpat of gold ; then let the wire tw 
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flattened between two steel rollers. In' tUs state k 
will form a plate^ in length nearly equal to 444000 
metres^ answering to lU leagues, each of 2000 toises. 
But this plate being clothed with a covering of gold 
on each of its faces, may be considered as two plates 
4)f gold of an extreme tenuity, and placed mentalljr 
one at the end of the other. Moreover, the breadth 
of the lamina being about 7 of a millimetre, or -j. of a 
line, we may suppose this breadth divided into two^ 
and thus the quantity of gold employed is equivalent 
to four plates, the length of each of which is about 
444000 metres. Now if it be imagined, that each of 
the millimetres comprised in this length is divided 
into eight parts, we shall have more than 14 billions of 
Tisible parts, in a mass of gold weighing only an 
ounce, and which is equivalent to a cube of gold 
whose side is not more than 12 millimetres, or S\ linee, 
in length. 

This prodigious extension of which gold is suscep- 
tible depends upon its ductility, combined with its 
great density ; two qualities equally precious for those 
arts whose object, is to apply this metal upon the 
surface of wood, copper, and other substances, where 
it serves at once both for security and for ornament. 

16. We shall add another example, drawn fr^n the 
stony substance known by the name of mica^ and 
which yields, with great facility, to the operation 
called mechanical divisian. We have succeeded in de-. 
tachiug, Arom the original piece, a plate which, instead 
of the yellowish colour natural to the stone, rdlected 
a finei blae, which, as we shall explain when treating 
of light, indicated an extreme degree of tenuity. 
Having calculated the thickness of this plate, after a 
rule marked out by Newton, and which we shall then 
also make known, we found it equal to 43-millionths 
^ a nuUimetre, or about l*6-miUi<mth af an inch;. 
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hence it follo\rS| that we might obtain 23255 isolated 
plates, by dividing a piece of mica of the thickness of 
a millimetre, or ^ of a line. 

17. We cannot better terminate this article than by 
exhibiting a yery judicious notion entertained by 
Newton, relative to the limits prescribed to the divi- 
sion of bodies in the actual state of things. This great 
philosopher conceives that the Supreme Being, in 
creating matter, formed it of various species of ele- 
mentary molecular, solid, hard, unchangeable, the 
figures and the different qualities of which were appro- 
priated to the respective ends they were proposed to 
answer.* But such is the fixity of these moleculx, 
that no process of art, nor even any force existing in 
nature, can either divide or alter them, unless th^ 
essence of the body should be changed with time. 
Thus all the modifications experienced by bodies 
depend solely upon this, that these durable moleculas 
separate the one from the other, and then become re- 
united, in various ways forming new combinations. 
These different moleculs are, hence, the simple sub- 
stances of chemistry; and the results of the operations 
which they would present singly, should be the design 
of the efforts of this science; in the mean time we 
may consider as simple the substances which we have 
not yet been able to decompose, and wisely imagine 
simplicity to reside at the plade where observation 
stops. 

* Opctce Ludt. lib. iii, qujtst 31. 
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If. PROPERTIES RELATIVE TO CERTAIN FORCES 
SOLICITING OR IMPELLING BODIES. 



1. Mobility. 

18. Mobility is the faculty possessed by a body, of 
being capable of transportation from one place to 
another. That state which is called motion^ supposes 
the action of a cause, to which has been given the 
name of force^ or of power. That this cause may 
exist, it is not necessary that the bodies which it soli- 
cits should be in actual motion. Thus, when two 
bodies make an equilibrium, at the extremities of the 
arms of a balance, thev are maintained in that state 
by forces really existing, but whose effects mutually 
destroy each other, so as to prevent the production 
in either body of any tendency to move. 

19. Motion is uniform )vhen the moving body always 
describes the same space in the same time; it is acce- 
lerated or retarded when the moveable describes, in 
«qual times, spaces which are successively augmenting 
or diminishing (^). 



Velocity. 

20. In uniform motion, the time employed in ae- 
scribing any determinate space may be more or less 

ih) When the velocity is always equally augmented in equal times, the motion 
is called uniformly accelerated: when, on the contrary, it is always diminished 
by equal quantities, in equal times, the motion is said to be uniftrmly re 
Urded^-^lK, 
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long, according to the greater or less energy of the 
moving force. 

21. To compare respectively the motions of two 
bodies in the case of uniformity, ue take an inter\'al 
of time, the second for example, for a unit of time ; 
in like manner we choose a unit of space, such as 
the metre, the yard, or the foot : thus we can express 
the total space described by a body, and the time of 
description, by abstract numbers, each indicating how 
often it contains the unit of its respective kind ; and 
by dividing the number representing the space by 
that which represents the time, we shall have an 
expression for the velocity of each body. If it be 
supposed, for instance, that one of the bodies has 
run over 35 metres in 7 seconds, and the other 24 
metres in 6 seconds, the velocity of the first will be 
denoted by V , and that of the second by y ; that is 
to say, the velocities will be respectively in the ratio 
of 5 to 4. 

Hence we may see in what sense we must take the 
notion which has been given to velocity, when we say 
that it is equal to the quotient of the space divided by 
the time. Speaking rigorously, we cannot divide two 
heterogeneous quantities, such as space and time, the 
one by the other : but tlie language now in question 
is no otlier than an abridged manner of expressing 
that the velocity is equal to the number of units of 
3pace divided by the number of units of time, which 
measure the motion of a bod}' (c ). 

22. As forces only manifest tliemselves to our notice 



(c) In variable motions, the velocity undergoing repeated changes, !t is usual 
to estimate at at any time whatever, by the space it is capable of passing over 
during a unit of time, if its motion for that interval continued the same as at 
the instant where we would consider the velocity. Or, taking an indefinitely 
mmute interval of time, we may call the velocity of a moving body, for that 
insunt, the ratio of the infinitely little space described in that minute interval, 
to its duration, or rather the ultimate ratio of those two quantities.— Tr. 

^ - d2 
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S6 Properties relative to Forces soliciting Bodies. 

by their eflfeets, it is only. by the effects they are 
capable of producing that we can measure them ; but, 
the effect of a force is to impress upon every particle 
of a body a certain velocity : let it be supposed in this 
case, that all the particles have received the same 
velocity, and the effect of the force has for its .measure 
the velocity taken so often as there are particles in 
the body ; or for abbreviation, we may say, its measure 
is the product of the mass by the velocity : this pro- 
duct is that which is called the quantity of motion of a 
hody. 



Inertia, 

23. All bodies persevere or continue, as of them* 
selves, in their state of rest or of uniform motion in a 
right line, in such manner, that a body at rest cannot 
move without being solicited or urged by some force;* 
neither can the rectilinear and uniform motion of a 
body be changed without the action of a foreign 
cause. 

It hence follows, that when a body proceeds with an 
accelerated or a retarded motion, we must suppose 
the action of a force operating, at every instant, to 
occasion a variation in the velocity which, independent 
of this, would be uniform. 

24. What we are about to lay down is only a dif- 
ferent manner of stating" that a body cannot of itself 
enter into motion, neither can it of itself diminish the 
motion which it previously possessed. That want of 
aptitude which bodies have, of producing in them- 
selves a change in their actual state, is called inertia. 
Now it is known that a body, whose state may be 
changed by the action of a foreign force, cannot give 
way to that effect, otherwise than by itself altering 
the slate of that force; that is to say, by itself taking 
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awaj a part of its motion. It has hence been concluded, 
that the continuance of a body in its ;tate of repose* or 
of uniform motion, was itself the effect of a real force 
which resided in that body; and this force has been 
viewed, sometimes as a resistance in so far as it opposed 
itself to the action of the other force, which changed the 
state of that body, and sometimes as an effort, in so far as 
it tended to carry with it the change in the state of the 
ether force. 

25. The cdebrated Laplace has proposed a more precise 
and natural maimer of contempbting inertia. To conceive 
in what it consists, suppose a body in motion to meet 
with a body at rest : it will communicate to it a part of 
its motion ; in such manner, that if the first have, for ex« 
ample, a mass double to that of the second, in which case 
its mass will be two-thirds of the sum of the masses, the 
velocity which it will retain will be also two-thirds of thai, 
which it had at first ; and as the other third which it has 
yielded to the second body employs itself upon a mass of 
only half the magnitude of the former, the two bodies wiH 
both have the same velocity after the shock. The effect 
of inertia is reduced, therefore, «o the communication 
made by one of these bodies to the other, of a part of its 
motion ; and since this latter cannot receive, but in con- 
sequence of the other's losing, this loss has been attributed 
to a resistance exercised by the body receiving the 
motion. But in the instance before us, it is very nearly 
as in the motion of an elastic fluid, contained in a vessel 
firom which we would open a communication to anotlier 
vessel which should be empty; this fluid would in- 
troduce itself by its expansive force into the second 
vessel, until it became uniformly distributed in the 
capacities of the two vessels : in like manner a body when 
it strikes ahother does nothing else, if we may so express 
ourselves, than pour into this latter a part of its motion \ 
and there is no more reason to suppose a resistance in 
this case 'than in the examples we have just cited. 
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.( 
It is true that when we strike with the hand a bodjic. 

at rest, or whose motion is less rapid than ^hat of the 
hand, we imagine that we experience a resiBtance ; but 
the illusion proceeds from this that the effect 'is. the same 
with regard to the hand, as though it were > at re^t, and* 
was struck by the body with a motion in a contrary 
direction. 

We limit ourselves here to these general notions re-, 
lative to mobility ; and shall not enter into details respect- 
mg different kinds of motion, and othetr results, the con- 
sideration of which properly belongs ta-^the physico-m^-^- 
thematical sciences. ,;*- 



/r 



, 2. Hardness. 

.26. Hardness is the resistance opposed by a body to 
the separation of its moleculae ; this property depends on 
the force of cohesion, or on that which the chemists call 
flr^wV^, joined to the arrangement of the moleculse, to 
their figure and other circumstances. A body is con- 
sidered more hard in proportion as it presents greater 
resistance to the friction of another hard body, such as a 
steel file, or as it is more capable of wearing or working 
into such other body to which it may itself be applied by 
friction. Lapidaries judge of the hardness of fine stones, 
and other such bodies as are the subject of their art, from 
the difficulty with which they are worn down or polished, 
when presented to the action of the grinder. 

27, The diamond is the hardest of all known bodies. 
The little faces which are the source of the vivacity of its 
reflexions are the work of the diamond itself, and it is 
only by the aid of its own peculiar dust that we can cut 
and polish it. 

28. We have spoken of friction or rubbing rather than 
percussion, as being in some sort a measure of the Jiard- 
ness of l>odies, since the resistance which thi^ latter 
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opposes to the first of these forces, does not always an- 
nounce that which it is capable of opposing to the second. 
Thus glass, though harder than wood, yields more easily 
to percussion. Even the diamond may be divided by 
the effort of the hammer, at the same time that other 
bodies will remain whole. This faculty possessed by 
certain bodies of giving way in parts more or less to 
the eSect of percussion, has been denoted by the name 
fragility or hrittleness t whence it follows that we must 
not confound brittle bodies with soft ones, the latter 
only being in opposition to hard bodies. There is not, 
probably, a body whose fragility is more forcibly con- 
trasted with its hardness, than a greenish, transparent 
stone, very sensibly lamellated, found in Peru, and 
to which the French have given the name of euclase. 
After that it has yielded, with much difficulty, to the 
eSbrts employed to polish it, it is surprising to see how 
easily it separates into splinters, by the effisct of a very 
light pressure. / 



3. Elasticity and Ductility. 

29. The action of one body upon another may be su^h 
as, will not occasion an entire separation of the ]>arts of 
the latter, but simply a displacing of its moleculae, the 
effect of which is a variation of its figure, or even of its 
volume. We call in general compressible^ bodies thaf 9T% 
susceptible of a change of figure by the action of an ex- 
traneous cause ; and the results of this species of action 
give rise to a new order of phenomena which are subdi- 
vided into two classes : in one class the body which has 
been subjected to the change has the property of retum- 
mg of itself to its natural figure, where the cause which 
had deranged its parts ceases to act upon it. Thus a 
plate of steel which we bend, recovers its rectilinear pos- 
ture as soon as it is abandpned to itself. This property 
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has been named elasticity^ and those bodies are called 
elastic that are endowed with it. In the other class the 
body retains the new figure^ which ft has been compelled 
to assume. Thus the inflexion which a plate of lead has 
undergone! remains when nothing acts upon that plate« 
We shall proceed to furnish some details relative to these 
two classes of phenomena. 

30. The return of elastic bodies to their natural form 
is not made suddenlyi and hj a single motion> in a di-*> 
rectibn contrary to that which produced the change of 
shape 'f but the molecule of these bodies perform vibra- 
tionS) which transport them successively on this side and 
that side of their original positional tnd which continually 
diminish until the moleculas haVe all recovered those 
positions. 

The vibrations of which we are now speaking espe- 
cially exhibit themselves in a remarkable manner^ in the 
strings of several musical instruments, as we shall explain 
when we treat of sound. They are likewise very apparent 
i n a plate of steel, fixed by one extremity, and which 
after being curved by leaning on the opposite extremity, 
is permitted to play freely. 

HI. The stroke of a hard body produces analogous 
M fleets upon a globe of ivory, though they are performed 
with such t rapidity, as renders them unappreciable by 
our Hen^esi so that even the change of figure which the 
globe undergoes cannot be perceived ; but we may make 
ii sensible by sufliering the globe to fall upon a table of 
blwek marble well polished, and done over with a light 
et^at t>f olU Afterwards when we look at this table 
oWitmelVi we may see at the place of contact, a round 
ii|>of, whone tliameter is more or less considerable, accord* 
injj «o t\^fs^ height fi»m whence the globe has fallen. But 
If ill eviilent lh;U this body, had it retained its figure, 
eouKI only toueh the table by one point; and although 
i\\p lUrtfbU mi)(ht» on its part, sufler a depre$si<A> and 
ltuu\«diMeiy iiNe»tablish itselfi yet it is not xo be d<mbted 
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that the globe itself contributes much more to the form* 
ation of the spot by its change of figure \ so that this 
experiment presents a double proof of the effect we art 
considering. 

32. We may now shew in what manner we must c(m« 
ceive the re^stablishment of the figure which is per- 
formed in the globe by a gradation, imperceptible, and 
almost instantaneous : at the moment of the stroke, the 
parts nearest the contact are driven towards the centre, 
while the most -distant parts adyance by a contrary motion; 
whence it follows th^t the globe assumes a flattened form 
in the direction of its vertical axis, and becomes length- 
ened in the direction of its horizontal axis. When after 
this the unbending or rebounding commences, it makes 
a new chuige in the figure contrary to the former, so that 
the globe lengthens in the direction of the vertical axis i 
and these two changes of figure continue to succeed each 
other, going on by diminishing degrees, until the body 
has returned to the globular form which it had previour 
to the stroke. 

It is in consequence of the unbending after the shocks 
that the globe after having struck the marble table, flies 
back and remoimts towards the point whence it was let 
fall. When two elastic bodies strike each other, their 
unbending impresses upon them velocities in a contrary 
sense to the motion with which they were carried the one 
towards the other. Mathematicians have represented by 
formulae, the relations of these velocities in the different 
cases to which the phenomenon extends. 

33. There exist a certain number of bodies which are at 
the same time very hard and very elastic, so that the two 
qualities seem to have a great mutual relation. It is well 
known how far both may be augmented in steel, by the 
operation of tempering. 

34. Elasticity, which varies between very extended 
limits in solid bodies, of which while several possess it to 
so high a degree, others appear to be destitute of ir« 
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becomes, as to perception, nothing In all the liquid bodies^ 
at least, if we judge by the resistance they oppose to com- 
pression, as will be observed when we treat of ^^'ater : but 
the passage to the gaseous state shews^ in all the bodies 
vhkk have undergone that change, an elastic virtue so 
mtrked and so general, that they have received the name 
^f elastic Jlitids. The moleculae of these fluids are skniliir 
to so many little springs, which are compressed when any 
cause wKatever tends to bind up or enclose a mass of one 
of these fluids in a smaller «pace than that which it pre- 
viously occupied, and which afterwards return to their 
usual state when the compresaon ceases to have place, 
the mass of the fluid taking again, by dilating itself, the 
place which it had rdinqui^ed. 

S5* The major part of the philosophers who have ar- 
ten^)ced to pre a theory of elisticity, have especiallT 
cciiisklefed that whea an elastic bccy is best, S?r exan«p!e 
19 an arc, die paitides simated on the ccnvex siie become 
Ivthar separated frcn cce anecher, while those whidt 
are en the o?Qcave sjde apcrcach each other. Bzt ef aO 
the c3C5e? co wtik5i the re^esr^'^^V^ect cf the body in 
its £r« srxre h:K reec ^aie n: iepetrd, 5t?c}i x£ ittraciMS, 
tae r«?srC3r3ce ct a r^Lr-xri'ir iJiccI* matter, cl£*=sed[ 
ire racfecrijc '!! 3;lzj«, tie icti ?n z £ zjIzt^j ir. 

re !S sec ETT -w^'-r^ s ctcciucr^ z-i a sitiifLtt-rrr ct- 




r ir is rrrci tris i<c tJLir 5ccn2 

ziiZTtiZc. t: wiTtit-is ?'~t' rdiiir 

^3 fnrsurh i -re asTtr-; :f tijze. bnrrrw 

irirsr^ :ii:«v'±"'*ir. "iit» " ^'r' irr tiiJi £:ne 

tie ssRsrc'i ir T-iicii r.iii'iiiT? in irz TZirirTtnrr. T"^ 
ncmas tn:s •TrmiT^gTirn ■'.?^ 'iie ri£i»e in •v 'r.t-n- -^w - 
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it the form of a conic frustum (r/), in which the relation 
between the diameters of the circles parallel to the bases 
k combined with the variations of the moving force. In 
the first moment when this force operates with all its in* 
tensity the part of the chain which it draws lies upon the 
narrowest spire of the fusee, and ^afterwards in proportion 
as the spring becomes feebler the spites to which the 
parts of the chain that is unfolding correspond are gra- 
dually enlarging. Thus, on one part, the arms of the 
lever on which the resistance of the wheel-work actSi re- 
mains the same, since it is nothing else than the radius 
of the fusee wheel, the motion of which is communicated 
by an intimate connection to the hands of the watch.-* 
On the other part, the arms of the lever on which the 
power of the first mover is exerted, to the place where 
the chain abandons the fusee as it unwraps, is continually 
lengthening; in such manner that the moving power' 
regains at each instant by this lengthening an advantage 
equivalent to the loss in its own intensity, and the whole- 
proceeds as though the two arms of the lever were per- . 
fectly equal. The whole of mechanics is full of equally 
interesting and ingenious applications of the force of 
elasticity: it is by this the pieces are Regulated which 
occasion, in the twinkling of an eye, the explosion of 
portable fire arms, the flexible plates which soften the 
motions of carriages, and render their use so commodious 
and pleasant, and the cords of different musical instru- 



{J) This must only be considered as a popular illustration. If the action of the 
spiing diminished equally as the parallels to the base of a triangle do, the cone 
which is generated by the revolution of a triangle would be the precise figure 
required for the fusee : but the weakening of the spring is not in that pro* 
portion. According to the investigation of Yarignon the figure of the fusee 
u th^ solid generated by an equilateral hyperbola revolving about one of its 
asjnnptoces ; and this is the conclusion adopted by Martin and several other 
English authors. But this result depends upon an hypothesis which does not 
universally obtain. The best general investigation we rccdiect having seen is 
given by Bossut in his Mecanique : but it cannot be inserted hexe without • 
wide departure from the objea of this part of the work."— Ti. 
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mentSj whose vibrations combined with those af the air, 
4iverBify the deh'ghtful gratifications of the ear. 

37. There are no bodies whose .elasticity is perfe^t> 
and probably there are none which are entirely divested 
c£ this quality. But her^, as with respect to a great 
number of other phenomena, we stop at the limit where 
a quantity ceases <o be appreciable j and we regard a* 
non-elastic bodies which after having been coippressed 
and forced to change theijr figure, remain in that neit 
state, or. those which absolutely resist cotnpression* 

88* The name of duciUfty has been given to the facility 
possessed by the chief bodies, and particularly cert^ia 
metals), of being flattened by pressure or by p^rcus«ipB, 
k^ sunl^ manner as to reftain thfejfigute which they have 
taken in virtue of one pf these t^a, forces^ The moleculae 
TBCL this, .case so glide the one over the other that thfe 
pcijpts of contact, though displaced, 3till always reqiain 
ai drslai)^es sufficiently small for the mutual adherisnce 
to continue. .^- 

30. On comparing the elasticity, ductility, and hard- 
ness, in the six best known metals, it is found that the 
iHrder <if, the elasticities follows that of the hardnesses ; 
aftd commeticirife with that which possesses these two 
Qualities in the highest degrees, the following is the suc- 
cession of these metals: iron^ copper^ silver ^ gold^ petut^r, and 
kad* The ductilities^ relatively to the four first of these 
metals, follow a progress inverted with respect to the other 
properties ; so that the order is this ; goldy silvery copper, 
and iron. But pewter holds the fifth rank, and lead the 
sixth, with regard to all the three properties ; these two 
metals being at the same time the most soft, the least 
elastic, and the least ductile. The defect of play between 
the moleculiae necessary to produce ductility may con- 
tribute equally to the great force of adherence which 
obtains in hard bodies^ and to the facility with which that 
adherence may be completely broken in soft bodies. 

40. There are some bodies which are ductile both in 



keat and cold : of this number likewise are metals ^'9ome 
bodiesi such as glass^ acquire ductility by heat ; others, 
such as day, become ductile by the interposition of a 
liquid between their moleculx. 

41. Ductility! a quality so valuable in metals, when 
the intention is to extend and apply them upon the sur- 
fece of bodies, as is the case espjBcially with respect to 
gold the most ductile of all, becomes, on the contrary, an 
inconvenience when we would employ them in masses i 
and the works made with these metals, fashioned in 
their natural state would not have sufficient consistence^ 
and would be subject to deformity, and to lose the finish 
which the hand of art had given them. This is remedied 
by mixing with the metal employed, another metal 
whose moleculae interposed between those of the former, 
diminish the play or tendency to move, and unite them 
more strongly one to the other. By means of these 
nuxtiures artists can render metals more hard, or more 
sonorous ; they can modify the properties to their will, 
and can transform them to other intermediate metals, 
the diversity of which is suited to that of our wants. 



4. Gracity. 

42. We have given the name of gravity to the force in 
Tirtue of which a body abandoned to itself falls towards' 
the earth. 

4S. The ancient philosophers have conceived various 
systems with a view to elevate themselves to the cause of 
this phenomenon, so simple in the eyes of the vulgar, 
who find k quite natural that a body should fall when it 
is not sustained. Of all these systems the most ingenious 
and the most seducing was that of Descartes, who made 
the fall of bodies depend on the motion of the subtile 
matter that circulated about the earth in a vortex. All 
the parts of this vortex having a centrifugal force solicit^ 
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kig them farther from the earthy would constrain other 
bodies to move downward, in a direction contrary to that 
of this force. But even supposing the existence of these 
vortices, which no person of the present times admits, 
the explication of Descartes has many insoluble difficulties 
opposed to it ; one of whieh consists in this, that a body 
placed in the plane of a parallel to the equator ought to 
descend obliquely at the surface of the earth towards the 
point of the axis which should correspond to the centre of 
the parallel in question, instead of which the direction of 
p-avity is throughout perpendicular to the surface itself. 
This system of Descartes has disappeared from the 
presence of the theory of universal gravitation^ of which 
the name alone expresses the sublime effort by the aid of 
which the genius of Newton has caused the celestial 
motions, and the great phenomena of nature, to come 
nnder the dominion of gravity* 



On the Difference between Gravity and 

Weight. 

44?. Gravity must be contemplated as acting equally at 
every instant on all the moleculse of a body. It first 
results from this principle that the velocity impressed 
upon a falling body does not depend upon the mass of that 
body ; it is, wjjth respect to the aggregate of the moleculac 
of a body, the same as it would be for each detached 
particle of the mass : whether this mass be greater or 
smaller it will merely follow that there will be more or 
fewer moleculae urged on with the same velocity \ but 
the common velocity will be neither augmented nor 
diminished. Nevertheless we do not see all bodies fall 
with the same velocity, and arrive in equal times at 
the surface of the earth, supposing them to depart 
from quiescence at the same altitude. We shall state 
the reason of this difference after we have established 
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the distinction existing between the gravity of a body, 
and that which is properly called the weight of such body. 
Gravity is measured by the velocity which it impresses 
upon each molecule of a body, and this velocity is inde- 
pendant of the number of moleculx ; but the weight of 
a body is measured by the effort which must be made to 
sustain that body, and to hinder it from falling (e). But 
this effort is so much the more considerable, as there are 
in bodies more moleculae urged on with the same velo- 
city ; hence the weight is properly expressed by the pro- 
duct of the mass into its velocity, from which it follows 
that it varies in the same ratio as the mass, relatively to 
bodies which we weigh, because these bodies are con- 
sidered as solicited unto equal velocities. It is now easy 
to conceive why, among bodies abandoned, those of 
greater mass fall more speedily from the same height, 
than those whose masses are less considerable. This 
difference arises from the resbtance of the air, which is 
relatively greater as the mass of bodies is less : for if we 
suppose, by way of example, two balls of the same 
diameter, the one of lead, the other of cork, to commence 
their fall at the same time, these two balls presenting 
equal surfaces to the resistance of the air will thus have 
two equal resistances applied to two bodies incited with 
the same initial velocity j whence it follows that the re- 
sistance of the air takes from the cork ball which has 
the smallest quantity of motion a greater portion of ve- 
locity than that which will be lost in the same time by 
the leaden ball i and tlie former, continuing to lose at 



{e) We may also £atingukh, though the dittinction is more verbal thaa 
philosopbical, between JVeigbt and Heaiine::, Thus heaviness is thar quality 
in a body which we feel and distinguish by itself: weight is the measure and 
degree of that quality, which wa ascertain by compa*'ison. Absolutely and 
in an undetermined sense, we say that a thing is Leaiy ; but relatively, and in 
a manner determined, that it is of such a weight, as of '2, 3, 4, pounds, &c. 
Many circumstances prove the heaviness of atmospheric air ; but the mercury 
In a barometer determines its exact weij^ht. See Ciiard 2nd Tru^lei on 
£ynenym«s.— Tr. 
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every instant more than the latter, will be always found 
more retarded. 

45. Galileo, to whom was reserved the glory of pre- 
paring, long before, the way for the theory of Newton, 
by the discovery of the law to which the acceleration of 
heavy bodies is subjected, having let fall from a great 
height different balls of goldy of leady of copper ^ of porphyry^ 
with a ball of wax, observed that all these bodies employ- 
ed nearly the same time in falling to the earth. The 
ball of waxy the only one which was sensibly retarded, was 
no more than 4 inches from the earth at the end of the fall 
of the other bodies. Galileo, considering that this differ- 
ence was very far from being proportional to that of th6 
weights, concluded that it depended solely on the re- 
sistance of the air. This conjecture has been since veri- 
fied by direct experiments, consisting in letting fall from 
the top of a tube, within which the vacuum has been 
made the most perfect possible, bodies of different mate- 
rials, such as lead, iron, wood, cork, feathers, wool, &c. 
and it has been found that none of these bodies will 
then permit of our perceiving any sensible difference in 
the duration of their fall. As to bodies which raised 
themselves in air, such as smoke, it is known that their 
ascension is occasioned by the circumstance of their being 
specifically lighter than air : they are, with i;espect to 
this fluid, situated as a piece of cork is with respect 
to water, which when immersed in that water to a 
certain depth, and then left to itself, rises again to the 
surface. The vulgar regard all as being without gravity 
which rises instead of falling : whence Newton remarked 
that the weight of the vulgar was the excess of the abso- 
lute weight of a body above the weight of the air. The 
ascent of air-balloons in the midst of the air is well cal- 
culated to undeceive the partisans of this theory of bodies 
without heaviness. 
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The Accelerationof Motion produced by Gravity. 

We have seen (23) that a body when once put in 
motion tends of itself to persevere with the same vel(»- 
city, and according to the same direction as it bad at 
the first instant. But if the body be moved by a force 
which act^npon it without interruption^ and the actions 
of which are equal during equal times^ its velocity will 
increase continually and in a uniform manner. 

47. Of this kiikd is the motion produced by gravity 
in the bodies which it solicits. To conceive clearly 
the law of acceleratioti which results^ suppose that a 
body has employed a finite time^ as three or four 
seconds^ in falling from a certain height ; we may con- 
sider this timeas composed of an infinitude of indefinitely 
small instants, and it may be imagined that in the first 
instant the moveable receives from gravity a degree of 
velocity infinitely small, and that in each of the follow* 
ing instants an equal degree of velocity is added to the 
preceding velocity ; so that the velocities of the move- 
able during the several consecutive instants of its fall 
will increase as the natural numbers 1 , 2, 3, 4, 5, &c. It 
hence follows that the number of degrees of velocity ac- 
quired successively by the moveable, is always equal to 
the number of instants during which the motion has con- 
tinued, diat is to say, the velocity increases as the time. 

Suppose that a right angled triangle i c ^ (pL I. fig. 1 ) 
is divided by the lines gh^ il^ ktij &c. parallel to the 
base bCf in such manner that the parts sh, hlylrij &c. 
of the height, comprised between these lines, are re- 
spectively equal : if it be conceived that these parts 
represent for example, seconds of time, gh may re- 
present the velocity acquired by the moveable at the 
end of the first second, il will denote the velocity ac* 
quired after two seconds, and so on throughout ; for 
the lines g A, i7, k n, being respectively in the ratio of 

VOL. I. s 
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the lines sh^ si, sn^ the former will be to the latter, a#^ 
are the velocities in regard to the tiio^s. 

If we now suppose the triangle sob subdivided by 
an infinity of other hi>es comprised between $ and gky 
g h and il, a / and k n, &c» t^se linel; ^stimatiiig ftoim 
the point s will represent tbd velocitiies^ during the 
successive indefiiiitely ^ ^mall instants composing Ae 
tirne^ represented by shy si, sriy &c.; and sttiee these- 
velocities aire mothing else than the minute spaces run; 
over during the corresponding instants, the tidangle 
sgh b^ng tfe© sum of the spaces which answer to the tkne 
Ineasufed hy^A, that sun^ will represent the toUtlspac^ 
deioribdd ^i^ing the first second : in like manner, the' 
tviangJe s^il will repvesent the space run ^yer during the 
f wa fil%t seconds, and thus of others. But the triangles 
S'gkj s ity icb., are respeotively as the squares of their 
altitudes 5 A, .5/, &c.; whence we may conclude that 
the spaces described by the moveable ifom the com-* 
Hiencement of its motion, ajre as the squares of the 
times employed in the description. Thus the times 
represented hy sh, slj ^n, &c., being to one another 
in the proportit>n of the natural numbers 1, 2, 3, 4,, 
J, &c., thecorrespoixling spaces will be m the pro- 
portion of the squares 1, 4, 9, 16, 25, &c., of tfaosec 
numbers. 

Hence it i& easy to establish the relation to whicH- 
the spaces run over during different consecutive ti«ie» 
respectively equal conform ; for if we denote the &^st 
of tliese spaces by Uiiity, it is very obvious that the^ 
succeeding ones will be represented by the di^rence* 
between, the terms of the series 1, 4, 9> 16,. 25, &c»>, 
denoting the spaces from the origin of the motioiw^ 
Therefore the spa(;es descried during equal and con- 
secutive times, estimatiivg from that same origin, willt 
he respectively as the odd numbers 1, 3, 5, 7, &c.y, 
among which alJj those that follow the first give the diCr 
fereoces in question^ 
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It has iMen found, by experiments, that a body to 
which tbe^air does not oppose a sensible resistance 
would fall 1 5 feet^ (Paris measure )5 which ansiier near*^ 
ly to 49 decimetres, in the first second of its motion (/). 
This knowledge oiice*acc|Otred, it is easy to determine 
the height tbfougb which a heavy body has fallen 
during a given number of seconds, by taking so many 
times 49 decimetres (for Paris, or so msny times 16^ 
Engi^ feet for London) as there are units in the square 
of the nismher of seconds^ 

48. If we imagine that at the end of a certain time, 
that fer example which is represented by j A (fig. 1 .) 
the gravity, ov the accelerating force, ceases to act ; the 
body will then persevere ia its motion by reason of the 
vek)city g k beooming uniform. If therefoire it be sup- 
posed to continue its motion for a time equal to the 
former, and that we may denote it by h /, the space 
which ift we«M describe being equal to the velocity g k 
taben^sooften-as there are instants comprised in A/, that 
space will be as the product of ghby hl^ and such 
produef is doable the surface of the triangle shg: 
whence k follows that in uniformly accelerated motions 
resulting from gravity, the space described during a 
given time is the half of that which the moveable is 
capable of describing in the same time,, with the ac- 
quired velocity unafovmly continued. 

49. The c&covery of the law according to which the 
force gI gravitation acts upon bodies placed near the 

{/)ll my here be remaikcd that if tbt emh turn on its axk the centri&gid 
farce must diminish from the equator to the poles ; and as it is always per- 
peidicnhr to the ans ci rotation, its direction it first opposed to gravity 
beoomeraMre-aad more oblique to it : its effect in countcrhd anci n g the force 
of grtvitacioD must therefore be less ; hence in going from the equator towards 
the poles the £U1 of bodies ought to be accelerated ; and thus they are found 
torbe in fact. The space described by a fidling body in the first second from 
quiesceww is I6*0815 Snglish feet, at Paris in N. latitude 4Sp 5(X; while at 
Ixadon, in N. lat. 51<> SS* it IS 16*08^3. And the ratio of these spaces at th« 
equator and at the poles is 1 to 1<)569, according to the moit cautious coflM 
parison of the tmsSxt of thtory and eiperieiice.«*iTx. 

E2 
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eartb, ahd which we have mentioned as due to Galil^o^ 
is only as it were the first step in an immense course/ 
which it was reserved for Newton to travel over. The 
principle of gravitation has in his hands germinated 
with a fecundity which has no other bounds than those 
of the universe itself. That /great philosopher con* 
jectured that this force,, the intensity of which does not 
appear to be sensibly sihaUer on the summit of the 
highest mountains than at the surface ^f the globe,* 
extends itself to the moon, and that combined with 
the projectile motion of this satellite^ compels it to 
describe an elliptical orbit about the earth. Gravity 
at such a distance might be diminished by an appre- 
ciable quantity ; and in order to> determine the law. of 
that diminution, Newton enquired from die known 
motion of the moon in its oibit, and from the ration 
between the radius of the earth and that- of the same 
orbit, through what distance the moon, abandoned to 
its gravity solely, would descend towkrds the earth in a 
determinate interval : then comparing diis distance* 
with that which measures the descent of a body near 
the surface of the earth in the same time, he found 
that the law of gravitation, on the supposition that this 
force extended to the moon, followed the inverse ratio- 
of the square of the distances. Finally he generalised 
this result, by considering the sun as the focus of a^, 
force which»propagates itself indefinitely in space, and 
which draws or attracts, conformably to the law o£ 
which we have just spoken, all bodies placed in its 
sphere of activhy, at the same time that those bodies 
exert similar actions one upon another. This short 
exposition will serve to furnish a glimpse at the inv» 
mensity of the labour undertaken by Newton, and by 
the illustrious geometers who liave perfected his theory^ 
to determine the various modifications of a law so. 
simple in itself yet so complicated in its results, to. 
trace out the mutual influence of phenomena^ and tot 
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untie die knot by which each of the details is attached 
to the grand whole. 

50. This universal force which furnished Newton 
with a key to his theory of the system of the world^ 
has been frequently represented by the word attract urns 
wbiph however ezpresses'only a fact^ and not a cause ; 
but the law to which this fact is subjected, enables 
the theory to attain its object, since it brings us ac- 
quainted with the manner of action of the cause itseUL 



On Gravity compared with Attraction at small 

Distances. 

51. The attraction which, as we have remarked, 
acts in^ie inverse ratio of the squares of the distances, 
/oUows at the same time the direct ratio of the masses ; 
and it is this which renders those efiects so perceptible 
with regard to the bodies that mov« in the celestial 
regions: it ctisappears among those of a volume so 
minute as to have no proportion with the mass of our 
globe ; but we find it again about us, in the reciprocal 
actions of the electric and magnetic fluids, /where it 
contributes to the production 6f phenomena, with a 
repulsive foree conforming to the same law. On the 
other hand, the moleculs of solid bodies are bound 
together by attractive forces, whence their mutual 
adherence resuks: and to similar forces must be im- 
puted a great number of the phenomena, where the 
bodies are found in a state of division in which their 
elementary particles are isolated : such are crystallisa« 
tion, the refraction and inflexion of light, the elevation 
of liquids in capillary tubes, and chemical combinations* 
The name of affinity has been given to the attractive 
force which produces these different phenomena. 

52. Is this force any thing else than gravity modified 
by circumstances, or does it depend on a particular 



cau$e,<listinct froi?xjth^ yjjjich influences the. cel|e$tial 
motions? A great number of philosophers^ at the 
head ef whom stands Npwton him^lf , have adopted 
the latter o|)inion. They h^ve founde(| it prin(:ipally 
on the circumstance that ii^^.attrajction ii;i question 
only commences its. action ipi the vicinity of contact, 
so tfiat it i^ very great at^bsolvite contact, iL^d l^^<;omes 
ipsen^ible at a distance somewhat apprecif^le. It 
would hence follow that th;^ attraction would increase 

». « 4-.'' j.b •• 

and decrease in a higher ratio than the former, and 
that probably it would conform to the inverse ratio of 
|^,pube of jthe dist^ces^ . • : 

53. To comprehend better the difference which, in 
this hypothesis, would exist between the effects of the 
.tyro;^ttr^tipnS| let us @rst suppose a <9pheci0^1 tody 
aij iwboa^ p^rtidei^ ,^^t k^y attractionai in tbei inverse 
ratio of the squ^r^ of tt^ d^atance^ upon a iciolecule, 
situate^.Qii^tvard at any distance \rb^ever. KeWtoa 
\^^X0i^^i\\^X^ in. this case, the total attraction r&- 
3^1tif^ fr^m all the parti<^ialar attractions is the sapae 
^ith respect to the particle drawn, as if all tlte attracts 
iog particles had been concentrated at the centre t>f 
the, sphere*: for if it be imagine^ that tbey became 
all i^t once placed in that point, tbe attraction of those 
l^elow that centre in regard to the particle drawn 
would diminii^h in proportion as they were niore dis- 
tant from that partifsle ; but at tbe same time the at- 
traction of tbe particles which were situated heyon<i 
|h<E) oejBk%t^ woqld increase in proportion as they ap- 
|Nro^be4 the nK>lecti)^ acted upon. And it can be 
Remonstrated goometiicfLlIy that in this case a compen-^ 
cation is established between the decreasing attractions 
lind Iho&e which nudergo the auginentation, in such 
manntH:' that tbe sum of the forces retains its primitive 
val^e. The term emtre of action is applied to that 



fioiBt sR'which we must suppose all the mblecukB ai 
a body ta be concentrated, so that tbeir total action 
shall be still the same as Mrhen they were distributed 
tilrongb all the extent of that body. This theorem^ 
of i^hich we have now given an idea, is very remark. 
Able ifo so &r as it leads to our eohsiderliig spheres as 
sinxple gravitating points. 

ButiiL the present hypothesis it will never happen 
that the attraction at contact is iniimte, relative to that 
n^Mdk'had place before the contact; for the radius of 
the sphere measuring the distance to the centre of 
action^ ift the first case^ will be always in a finite ratio 
with €he existing distance out of contact ; and &us 
^die attractions themselves will be comparable^. 

54. We will now suppose that the attraction follows 
the inverse ratio of the cube <^ the distances: in this 
icase as the distance diminisbes between the molecalss 
attracted and the surface of the sphere^, the centre of 
action;, on its part, instead of remaining fixed as in the 
preceding hypothecs, approaches that "surGace con^ 
tinually, and the attraction increases by a prognesjaon 
whose Jimk, which obtains at the contact, is infinite; 
whence it follows that it is theti infinitely .greaterthan 
at an appreciable distance from contact : the sdtne 
thing will obtain, -a/oriwrtj if it be supposed that the 
attraction diminishes in a greater ratio than that of 
the inverse cube ^f the distance. These results, which 
are comformable to observation in that which passes 
in the phenomena presented by the elementary mole- 
culaB of bodies, seem to indicate a line of separation 
between the force tha^ solicits those moleculse, and 
that which regulates the great masses of our planetary 
■system. 

55. There would, notwithstanding, be a method of 
conciliating the actions of these two forces, if we 

f Princip, Midiein. t, L prop. hxxi. ^or # 41 * estap^ i2» 
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adopted the happy idea of Laplace, which consists in supt» 
posing that the distances between the moleculas of bodies 
are incomparably greater than the diameters of such 
moleculse ; so that the density of each particle greatly 
surpasses the mean density of the whole, or that which 
would have place if all the matter of the molecul® 
were distributed uniformly throughout the interior 
of the body. According to this hypothesis the con- 
tact would give a great supetioVity to the particle at- 
tracted, situated in that same point, over the attraction 
at a finite distance Aom contact, conformably to ob- 
servation : and tbcT scene qf affinities would thus come 
under the dependance of th^ planetary attraction. — 
Many phenomena, and am^ng others the extreme 
facility with whicl^ the raW of light penetrate dia- 
phanous bodies in atl^ ima^nable directions, seem to 
favour this hypothesis. The diversities presented in 
the results of affinity would then depend on the form 
of the elementary moleculse. But we are yet far from 
baying acquired the necessary knowledge to be in 
a state to apply any calculus to the intimate actions 
that bodies moved by affinity exert the one uppn the 
other, and to handle this delicate branch of physics 
with the instrument by which Newton and his suc« 
cessors have elevated the theory of the celestial phe* 
nomena to so high a degree of perfection. 

On Specific Gravity. 

56. Let it be supposed that a series of bodies of 
different natures have equal volumes. If all thes<^ 
bodies are weighed successiveiy by means of an ordi- 
nary balance, it will be necessary, in order to establish 
the equilibrium, to employ weights more or less con- 
siderable, according as the respective bodies are more 
or less dense. Let it be supposed, moreover, that 
having chosen one of these bodies for a term of com^ 
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parison, the lightest for example, we represent its 
weight by unity, and that we express the weights of 
all the other bodies by numbers relative , to that unit: 
we shall then have the relation between the weights of 
the different bodies compared with a commop measure, 
or the specific gravities of those bodies* 

57. When the volumes of bodies to be examined are 
not equal, it will be suflBcient if we are able to estimate 
them with such exactness as will allow of a relative 
comparison ; for firom that it will be easy to reduce 
the results of the different objects we^ed to what 
they would have been in the case of a unity of volume* 
But neither of these two hypotheses will be admis^ltf 
in practice, independent of the assbtance of a hydro- 
statical principle, discovered by Archimedes on occasion 
of a problem which, it is said, Hiero, king of Syracuse 
proposed to him. That prince, having commanded a 
goldsmith to make him a crown of pure gold, under- 
stood that be had alloyed the metal . with a certain 
quantity of silver, and desired that Archimedes would 
verify the fact without injuring the crown ; and oa 
the supposition such alloy existed, determine its quan- 
tity. To give a clear notion of tlie principle which 
conducted this celebrated philosopher to the solution 
of the problem, conceive a body which weighs pre- 
cisely as much as an equal quantity of water. If this 
body be held suspended by a thread which we shall 
here consider as void of gravity, and thus immersed 
in water, it will not be necessary to employ any force 
to sustain it, since it is supported entirely by the 
liquid, which exerts upon it the same effort as it exerted 
when it kept in equilibrio the volume of water of which 
this body has taken the place. Conceive now that tlie 
l^ody while it retains its volume becomes more heavy ; 
the water will continue to keep in equiUbrio so much 
of the weight of the body as is equal to the primitive 
weight, or to that of the volume of water displaced ; so 
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that if the body thus immersed were to be weig^ed^ 
only the excess of its present weight above the primi- 
tive weight would act upon the balance. Hence it 
follows (and it is thi^ in which the prini^iple we have 
bee» adverting to consists), thajb^f we weigh first in ait 
and afterwards in waitcUr a body relatively heavier than 
that fluids it'wiillose a pait of its weight equal to that 
of the volume ^bfwatepdisplaced. By thismean, then, is 
determined the rel^ion between the weights of bodied 
and that of waber ; and thus this liquid «eirves as a com- 
mon measure to compare respectively the specific gra« 
vities of different bodies. 

' TheJbalanqe intended for researches of this kind is 
called the hydrostatic balance. The body to be operated 
upon is suspended by a hair from a little hook fixed 
under one of thebasins, whence' is procured a facility in 
plunging* such body in water that it may be weighed. 

58. i in order that the experiments may become com% 
parable, it is necessary that the liquid be always the 
same in respect of its nature and of its density. To 
ensure this, distilled water is taken, or (when it cannot 
readily be procured) taiti water which lias sensibly the 
sam^ degree of purity^ ♦ and this water is employed at 
a given temperature.. Brissdn, to whom we are in- 
debted for a table of thi specific gravities of bodies 
more extended thkn atiy others which had previously ap- 
peared (§•), has adopted the temperature of 14° of the 
thermometer divided into 80 parts, wWch answers to 
17* 5° of the centigrade thermometer {k) being chosen 
as'a mean in our climate. 

It is more natural to represent by unity the specific 
gravity of water, which is the term of comparison to 



(f ) The most comprehensive table of specific gravities we recollect having 
seen in any English work is given ^ vol. i. of Gregory's Mechanics. It was 
formed from a careful comparison of the most accurate tables in existence 
whether English or f^reign.^— Tr. 

\hy Vide art*- !«!?, 16!3, &c. of this vol.— Tr. 
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which we refer the specific gravities of other bodies^ 
than tq denote it by 1000, or by 10000^ as is usually 
jdone. The remainder of the calculation will be the 
^ame^ except that commonly there will be a d^imal 
fraction in the result. 

59* We shall render manifest , by an example, the 
process which must he pursued in determining the spe^ 
cific gravity of a body. Suppose that a mass of gold 
weighs 6 decagrammes in the air, and that its we^bt 
in the water is no more than 5688 centigrammcj^: sub- 
tracting this second weight from 6000 centigrammes, 
which are equal to 6 decagrammes the first weight, we 
shall find 312 centigranunes for the part lost by the 
gold in water, and at the same time for the weight of 
an equal volume of water. We have, therefore, this 
proportion : 312 or the weight of tlie volume of water 
e^ual to that of the gold, is to 6000 the absolute weight 
i>f the gold, as I which represents generally the specific 
gravity of water, to a fourth term which will give tlie 
specific gravity of the gold. It is evident that the ope- 
ration is reduced to dividing the absolute weight by the 
loss in water. The unknown term taken with four 
decimals will be 19*2307 (i). 

60. It is now easy to comprehend what course Archi- 
medes must have taken to resolve the problem we 
before mentioned. He need only to know the absolute 
weight of the crown, its specific gravity, that of pure 
gold, such as we have stated it, and thiit of pure silver, 
which is nearly 10*5. He would find at first that the 



(i) AltbcRigh many writtn besides M. Hany think it most natural to f«» 
present the specific gnvrity of distilled water by unity, yet all the argomentt 
they could adduce in ftvour of it would have little weight in £ogland, whea 
opposed to the remarkable hex that a cubic foot of auch water weighs ^'i^lbe. 
averdupois, or 1000 ounces : for hence it follows that by assuming ]0(X) as the 
specific gravity of water, we not only can exhibit as accurately as by the other 
method the relative gravities of bodies, but we, at the same time tltat we leans 
thoae relsttiotts, learn also the weight of t cubic foot of any propoaed body in 
averdupob oiiiice8.—TK» 
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specific gravity of the crown was less than that of pur^i 
gold, which alone would indicate an alloy of silver. 
Having then combined, by means of computation, the 
several data we have just cited, he would be able to. 
determine the relative quantities of the two metals con* 
tained in the crown, excepting the small difference 
tliat would result from the cirpumstance that the volume 
of the mixture is never entifely equal to the sum of the 
Volumes of the metals taken separately. 

61; Gold which had for a long time been regarded 
as the heaviest of all natural bodies, yields in that re- 
spect to a metal named platinum j which was discovered 
in 1741 (A:), and of which the specific gravity, as de- 



(i) The first in Europe who mentioned Platinum o^ ^latina by its present 
name, was Don Antonio Ulloa, a Spanish mathematician, who in 1735 apcom- 
^lanied the French academicians that were ^nt by their sovereign to determine 
the figure of the earth by measuring a degree of t)ie meridian i^ P^ru. I^ 
the relation of his voyage, which wa$ published at Madrid in 1746, he says» 
that the gold mines in the territory of Choco had been abandoned on account 
of platina; which he represents as a hard stone not easily brdcen by a blow on 
the anvil, which could not be subdued by calcination, and from which the %o\^ 
csuld not be extracted without much labour, much expense, and great difficulty. 
The name plathta^ or little silver, is from the Spanish of Plata, silver. Berg- 
man changed the name into platinum, that the Latin names of all the metaU 
might have the same termination and gender. 

This metal, though not under its present name, which was first mentioned 
by Don Ullob, has perhaps been known in Europe, as M. Haiiy remarks, ever 
since 1741. At that period Charles Wood found in Jamaica some platina 
which was brought from Carthagena. He even made $ome chemical trjials qf 
it. Among others, he attempted to cupel it : and observes, in the account 
which he gave of it in 1749 (see also Phil. Trans, vol. xlvi. pa. 584), that the 
Spaniards had a method of casting it into different sorts of toys, which are com* 
mon enough in the Spanish West Indies. It was probably, too, imported into 
Spain soon after its discovery in America. It is said that Rudenschoel carried 
scmieof it from- Spain to Stockholm in 1745 ; and the first important set of ex- 
periments that appeared on the subject were those of Scheifer, one of thf 
members of the Swedish Academy. They were published in 1752; and gave 
this information, that platina is easily fusible with arsenic, but when alone 
remains unchanged by the most violent heat of the furnace. Two years after 
Dr. JLewis published some papers concerning this metal in the Philosophical 
IVansactions of London. This eminent chemist, in the course of his experi«> 
jnents, had examined it both in the dry and wet way; discovered a number of 
lis relative affinities ; mixed it in different proportions with different metals | 
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termiDed by the celebrated Borda, is 20'980« Our 
lanowledge relative to this kind of observations, so truly 
valuable to the philosopher , furnishes no less advun«« 
tages to naturalists, as it presents them with one of 
the most decisive characteristics for the distinction of 
]ninerals4 Thus we may avoid confounding the blue 
variety of rock crystal^ called water smpplm^e^ with 
that species of fine stone known by the name of arien^ 
teU sapphire, the specific gravity of the former being 
only about 2*8, while that of the second is nearly 4 ; 
and here one is the more interested in escaping tlie 
mistake, as the difference between the prices far ex- 
ceeds that of the specific gravities. 

62. The construction of the areometer of Fahrenlteit, 
which serves to ascertain the specific gravity of li- 
quids, is founded on a principle which is merely a 
corollary from the preceding; namely, that in a body 
specifically lighter than water, and which of conse« 
quence floate in part, tlie weight of the volume of wa- 
ter displaced by the immersed part is equal to the 
weight of the whole body. When the areometer is 
immersed successively in fluids of different densities, 
its weight is made to vary by the additional weights 
wherewith it is charged, in such manner that the vo- 
lume of the part immersed is constant ; thus we obtain 
a common measure serving to determine the ^ecific 



and had fused k witli aneiuc, though he did not afterwardi attempt to tepa* 
fate then. 

Dr. WoUaston hat htely shewn (Phil. Trans, for 1804 and 1805] that there 
are two or three distina metallic sohf tances contained in the ores of pU- 
thu. 

And M. Fourcroy, in his History of the late Discoreries relative to Platiaa» 
says, ** that after the long and painAil researches of which this singular metal 
has been the object for upwards of forty years, chemistry has succeeded in de* - 
veloping eleven metallic substances in its ore; namely, platina, gold, silver, 
iron, chromium, and titanium, discovered by himself and Vauquelia in the 
mose or less coloured sands which are always mixed with it, the two mlw me- 
tals of WoUaston, PaUadium, and Rhodium^ aad the other two of Tennant, 
that is to say, iridium and osmium.'*— Tiu 
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graritie^ of various flnidls, referred to that of distiHe<l 
water. We shall presently give a detailed descriptiori 
ef ahrifistrnment of the sama kind with this areametery 
from which a precise idea may be formed. 

&Sf, Thte use of conunoa areometers depends upon 
&no<}her applieation of the same principle, founded oa 
this, that a body which floats, in part sinks deeper in 
fluids that are less diense thanl m those that have move 
density. A common areometer consists, of a tube of , 
gtass terminated in a ball at its fewer part, and dividbd 
into equ^^l parts through its wholts length. Is order 
that ttus iflgtrament may adjust itself in a vertical po« 
sition when it is plunged, another ball containing mer«. 
^vkty is soldered below the ball we have been^ speaking 
of. But this aiteometer ca» only indicate tiiat one 
Jiquor i^ more op kss dense than another ; it does not 
give, like thdt of Fahrenheit, the relation between the 
two densities. 

64. Nichofeon hais invented an instrument to be era*. 
ployed in ijetermining the specific gravities of solids, 
which has much similarity t-o this last areometer, and 
deserves to he known. It consists of a tube M N (fig. 
2.) of tin, surmounted by a shank or stem B made of 
brass wire, which carries at its extremity a little cup 
or cistern. This stem is marked toward* its middle' 
by a stroke b made with a file. The lo%ver part boids 
suspended from it an inverted hollow cone E G, and 
bal lusted within by means of lead. The weight ol^tlle 
instrument should be such that when it is immersed in 
wat^,. and afterw2vi;d^ li^ft to itself, a part of the tulia 
should rise above the surface. The cistern which ter- 
ipinates the handle, and which is in form of a spheric 
segment, is fastened by qi^j^^ of a small xkn tube io' 
which the stem B enters with friction. Commonly 
there is a second cistern larger than the former and 
placed above \\^ in the ooncavity of which it engages 
by its convexity. Hence this second cistern may be 
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raised up al pleasure, eitber for more easily wUh'v 
drawing tbe weights it is charged with, as we * shall 
immediately see, or to make some change iu their as^ 
sortment* 

The use of this instrument is easy to understand* 
We must commence by placing in the upper dish or 
cistern the requisite weight to bring the mark fr on the 
$lem level with the surface of the water : this is what 
the French call qfflturer Varconietre (levelling or ad- 
justing the areometer) ; and the quantity of weights 
used for this purpose is called the first charge of the 
areoQietev *. Having taken out this charge, we must 
put ia the same dish ilie body proposed for the exfie- 
rimeaty and which we suppose to be always denser 
^n the water ; we then place by its side in the dish 
the weigl>ts Bieccssary to produce the adjustment. This 
secoad charge must be taken from the former, and the 
difiereoce will give the weight of the body in air. 
Next we take out the areometer to place the body in 
the inferior b^in E ; and having again immersed the 
instrument, we must add new weights in the cup A, 
till the adjustment is again obtained. These new 
weights form, with those which were before in the 
$up, the third charge of the balance. This charge 
l^ng made less by the second, tbe diHerence will give 
the loss of the body^s weight in water, or the weight 
9f the volume of water displaced ; after which we must 
divide by this w^gbt that of the body in air. 

95. If we w6uld weigh a substance relatively lighter 
than water, it will be necessary, when it is placed in 
the inferior basin, to fasten it so that it cannot rise* In 
this case the body that serves to fix it is considered 
^ ifmm of the areometer. The rest of the operation is. 
the saoie a& in the preceding case ; only, the weight of 



• It b almott mmccctsiry to obserr* that the use of the instrument b 
UMi^taboibt iidKMLVciglitia th* au d««s4iot caoteithM fimdiviab 
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the body subjected to the experiment, divided by th6 
weigBt of the volume of water displaced, will give a 
qnotient smaller than unity. 

Thus, supposing that the weight of the body being 

4 grammes, we had found 5 grammes for the difference 
between the second charge and the third ; it would 
follow that tbe body weighs a gramme less than it ought 
to make its weight represent that of the volume of 
water displaced, This latter weight being, therefore, 

5 grammes, we have ^ or 0^8 for the specific gravity, 
of the body. 

6^. TherS are some substances which when im- 
mersed in water imbibe that liquid : such, for example, 
is ordinary freestone. This property is perceived when 
having placed the body in the low^r basin E, it is seen 
to descend after having remounted^ although the dish 
A continues charged with the same weight. In this 
case we must suffer the body to imbibe all the water 

\ • 

which it can admit into its ])ores^, judging that it has 
arrived at this point of saturation when the areometer 
remains in a fixed position ; then must the adjustment ^ 
be made to the middle point of tl>e stem, and we must 
enquire, as before, what loss the body has sustained 
of its weight in water. After this we must find the 
weight of the quantity of water which it had imbibed, 
by weighing it in the air as speedily as possible, and 
subtracting the first weight from the second ; then we 
must add the difference to the loss previously found, 
and the result will give the true loss, or that which 
would obtain if the body did not possess the imbibing 
quality ; after this the operation must be continued a»' 
directed above. 

We will suppose that the body weighs 10 grammes 
before it imbibes the water, and that the quantity of 
water it has received is 2 decigrammes; suppose more- 
over, that the loss of weight in water comprising the . 
effect of absorptitn is 4*3 grammes ; as bodies of equal' 
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Volume lose less of their weight in water in proportioft 
as they are more dense, it results that the body sub- 
mitted to the experiment has lost 2 decigrammes less 
than in the case where the absorption does not obtain, 
since this latter is equivalent to an augmentation of 
density : it will, therefore, b0 necessary to add 2 deci- 
grammes to the loss before found, which was 4*3 gram* 
mes, the sum or 4*5 grammes i& the correct loss. The 
specific gravity of the body, considered as exempt 
from absorption, will therefore be 'ff or 2'2222, stop» 
ping at the fourth decimal place. 

67. The double property possessed by this instru- 
ment of fulfilling at the same time the functions of a 
true areometer, and that of a hydrbstatic balance^ 
would become useful in the case ifherd it wbuld be 
disposed in a liquid whose density differs Seri&ibly from 
that of distilled water, and whose tempei'aturd was se- 
veral degrees above or below that Which had been 
chosen as a term of comparison. It \^ould be easy to 
reduce the result of the experiment made by means of 
this Uqiiid, to that which Would be given by distilled 
water at the temperature of 14° of Reaumur (63*4- of 
Fahrenheit). This operatioi> merely requires bne ad- 
ditional piece of information, namely, that of the abso«> 
lute weight of the instruments 

■•Wte shall suppose that this Weight is 152 grammes, 
and that the additional weight commonly required for 
the first charge when distilled water at 14° of Reau- 
mur is employed, is 20 grammes; thus we have 172 
grammes for the sum of these two weights. Suppose 
now that the weight which constitutes the first charge 
with the liquid substituted for distilled water is 20*5 
grammes, the sum will become 172*5 grammes: but 
the immersed part of the instrument being the same 
in both instances, it follows that the weights of equal 
quantities of the two liquids, or, which amounts tQ 

VOL. I, F 
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£he same^ thdi' speeifijc grarities^ are in the catao of 
1.720 to 1725. 

This granted y it is at oitce evident that tibie liquid 
^ubstitutod for distilled watef gives immediaeely tte 
absolute weigljt of the body subjected to the cxperi-* 
tnent. Let this weight be 11 grammes; wc must en- 
quire what quantity the body weighed in the fluid 
eiQployed bft§ lost of its weight, and which we will 
siupposi^ tix be ^*1 grammea: now bodies weightd m & 
liquid te^e tii^ more of their weight as the liquor ia 
more dense, which amounts to this, that the losses are 
proportioiml t6 the densities of the liquids : we have, 
th^r^fore, the loss corrected, or that whieh would havo 
Qbtaine<) with di&tilled trater at 14* of Beaumur, by 
mulciplyifig 4'7 grwi»ne$ into the ratio 44^ between 
the 9pe€lifiic gravities of the two liquids ; this gives 4'69^ 
grammes for the corrected loss : dividing the absolute 
weight, which is 11, by this number, we shall find 
12*3454 for the true specific gravity of the body ; had 
no correction been made we should have obtained- 
2-3404. 

It appears from these details that although the in« 
strument under consideration may be l6ss susceptible 
of ptecision than the ordinary hydrostatic balance, it 
has the advantages of being applicable to a greater va* 
rierty of purposes, of being less expensive, and m^re 
easily transported from one place to another* 

68. The movements by the aid of which fishes ele^r 
vate and<lepress themselves alternately in water, are^ 
due to the faculty possessed by these animals of vary- 
ing at pleasure the specific gravity of their bodies; 
they are enabled to accomplish this by means of a blad^^ 
der, usually double^ known by the name of air-blad-* 
der, and which is generally platied above the abdo- 
minal viscera. A little pneumatic canal, which esta- 
blishes the cpmmunication between the veot and the 
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bladder, enables the fish to introduce into this species 
of bag ,an aeriform fluid, which varies in its nature^ 
according to the different kinds of fishes*. The Vessel 
dilated by this air determines relatively to the animal 
kseify an augmentation of volume causing it to be 
ipecifically lighter than tlie water, so that it raises it- 
self in the fluid without the intervention of the organs 
of motion ; and when it would descend, nothing more 
is requisite than to expel sufficient air from its bladder, 
to occasion such a diminution of volume as will render 
it heavier than the volume of water which it displaces* 
Some fishes which are deprived of the pneumatic ca^ 
nal appear to act directly upon the air included in 
their bladder, in order to compress it, or to permit it 
to dilate itself. 

The observations made by Geoffroy, and which that 
learned naturalist has been pleased to communicate to 
ns, prove that in the two families of fishes named by 
the French diddons and tdrodons^ it is the stomach 
which, by being swoln out or contracted, according as 
the fish introduces air into it, or expels a part of that 
which previously occupied its capacity, actually per« 
forms the functions of the air-bladder; so that the 
destination of that vessel, which nevertheless always 
exists, is by the help of a peculiar mechanism to ]i% 
between the cavity of the mouth and that of the sto- 
mach, to be opposed to the expulsion of air when the 
fish would elevate itself. Having arrived at the sur« 
face of the water it continues to be dilated, and soon 
produces so great a disproportion between the weight 
of the back and that of the belly, that the former pre* 
vails, and the position of the animal is inverted. In 
this position it floats at will on the water, becoming 

* The n&Mler nay find In tbe discourse on the nature of fishes \j Lmu^ 
p^ the interesting details into which that ctlebrated naturalist has gone^ 
espec'udly.as they relate to the air-bladder (vasie uatatmnj of thoN iniwriib 
JTuL I^aU dts Frntmui cdk. in Iteo. 1. 1. pa« 147»et seq. 

F 2 



♦8 Properties relative to Fortes solidthig Bodies, 

more and more inflated, in such manner that its body^ 
which is naturally of an oblong shape, passes to that 
of a globe whose surface, set round as with prickly 
bristles, presents on all parts a defensive armour truly 
formidable to other fishes, which, after having pushed 
the globe before them, are forced to abandon the 
attack. 



On the new Unit of Weight. 

69. We cannot quit this subject without having ex- 
plained an operation of specific gravity equally re- 
markable for the importance of its object, and for the 
perfection of the methods employed in executing it > 
namely, that which has led to the determination of the 
unit of weight in the new system of weighty and mea-* 
sures. The common type to which all the branches of 
this system are referred, is^ the unit of linear measures^ 
or the ten-millionth part of the distance between the 
equator and the north pole ; to this is given the name 
of metre. On comparing the magnitude of the terres- 
trial arc extending from Barcelona to Dunkirk, as it 
was given by the operations of Delambre and Mechain, 
with that of the arc measured in Peru, about the year 
1740, it has been concluded that the required distance^ 
or the quarter of the meridian situated towards the 
north pole, is 5130740 French toises ; whence it follows 
that the metre answers to a length of 0*513074 toises^/ 
or 3 French feet, 1 1 lines, ^ very nearly, correspond- 
ing to 39'37023 English inches. 

70. The unit of weight, which is called ^rfl^mtf, is 
the absolute weight of the cube of the hundredth part 
of the metre of distilled water, taken at its maximum^ 
of density* It will be seen in the sequel that this nifax* 
imum does not answer to tlie term of congelation, but 
to some degrees above it^ These precautions were ia 
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some measure necessary to attach the result to a fixed 
po'iDt to which one might always refer^ on a repetition 
of the experiment. The liquid becomes freed by its 
distillation from all the heterogeneous particles which 
would affect its purity; and by taking the maximum of 
density, we have a liuiit in t te midst of all those vari- 
ations of volume which result from a change of tempe- 
rature. Finally, the deter.uination of the absolute 
weight which would presuppose the experiment made 
in a vacuum, would still tree the result from a hetero- 
geneous and variable quantity, namely, the loss of the 
weight of water in air^ which is neglected in ordinary' 
experiments. 

71. Lefcbure Gineau was charged with every thing 
that related to this observation, or rather to this union 
of operations, all extremely dehcate. The precision 
which he proposed to attain excluded at once a method 
which, at first glance, appeared very simple, and 
which con^sted in taking a cubic vessel whose side had 
jft givei^ ratio with the hundredth part of the metre, 
weighing it first alone, and then weighing it again 
after it was filled with distilled water. The difference 
between the weights would give the weight of the 
volume of water employed : but it may be conceived, 
without entering into details, that the result would be 
affected with various errors, which it would be impos. 
table either to avoid or to appreciate. Another method 
has therefore been adopted, susceptible of a much 
greater exactness: it consisted in weighing specifically 
in the water a hollow cylinder of copper, whose vo» 
lume bad before been compared with that of the cube 
whose side is a hundredth part of a metre. The ope- 
ration made known the weight of the volume of dis- 
tilled water equal to that of the cylinder, and thence 
was inferred the weight of the cube of the same water 
which represented the required unit. We trust it will 
be gratifying to the reader if we here give a detailed 
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account of the process followed in order to obtain th^t 
result, 

72. The machine destined to measure the cylinder 
bad been constructed^ -with as much care as judgment 
and ingenuity, by Fortin, one of the most distinguished 
artists in Paris. Without tarrying to give its descrip^ 
tion, it will suffice to say that it would render appre- 
ciable a difference equal to a two-thousandth or even a 
four-thousandth of a line: this evaluation was made by 
m^ans of a lever, one of whose arms is ten timea 
shorter than the other; the whole is so disposed that 
while the real differences which it is the question to 
determine occasion in the smaller arm movements equal 
to those differences, the motions of the larger arm 
which are decuple, and which hence become percep- 
tible, by means of a nonius applied to the extremity 
of that arm, shew the two-thousandth of a line m«a« 
sured by the play of the shorter arm. 

Notwithstanding all the attention, of the same artist 
ip the fabrication of the cyUnder, the form of that 
solid was necessarily found to be affected by a multi- 
tude of little inequalities, which might have sensibly 
influenced the result, had they been neglected; for 
l^ere an error committed on either of the two dimen« 
Mons of the cylinder, that is, the height and the dia- 
ineter of the base is, if we may so speak, a cubic error, 
and not merely a linear error, as in the determination 
qf a simple distance. The surface of the body must 
therefore be followed or traced in all its parts from 
one point to another, and a sufficient number of 
heights and of diameters must be measured at different 
places in the bases and of the curve surface, to reduce 
the capacity of the cylinder, which was the object of 
the operation, to that of a perfectly regular cylinder of 
equal volume. 

This operation terminated, the cylinder was weighed 
ia th& air^ employing a process as simple as ingenious. 



j^Wch made the inconvenience disappear Aat is occa^ 
sioned by the almost inevitable inequality between the 
arms of even the best executed balances. The body to 
be weighed was placed in one of the basins or scales, 
the other basin being charged with any weights what- 
ever^ till the beam of the balance became horizontal. 
Afterwards the body was taken from the first basin, 
and known weights substituted for it until the beam 
bad again assumed the horizontal position. It is evi^ 
jdent that the weight of this body is exactly represented 
by the sum of the weights which have beeji substir 
iuted for it, though it may happen that this sum differs 
from that of the weights on the other side, as a neces- 
sary consequaice of the fauky construction of tlie 
balance. 

Besides, the wdght of the cylinder in the air ascer- 
tained by means of this procedure has the advantage 
of fjumishSog precisely the same result as if it had 
been determined in a vacuum. For first, the weights 
substituted for the cylinder being of the same mattef 
as that body, their volume would be equal to diat of 
the solid part of the cylinder ; and under this relation 
the loss in the air will be equal on both sides. But 
&rther, there was made in one of the bases of the cy- 
linder a Kttle orifice, which established a communica- 
tion between the interior air and that of the atmo- 
ispbereu It hence results, that at the moment of th6 
experiment the interior air was of the same density as 
that which had been displaced by the cylinder; the sur- 
rounding air would therefore be in equilibrio with it, 
And thus the loss of weight was nothing in that respect. 

The cylinder was then weighed in the water, and as 
the weight which kept it in equilibrio was then solely 
sustained by the air, it was requisite to estimate the 
«mall loss it experienced in that fluid, as no longer 
common to the cylinder immersed in the water. Re^ 
^d was also bad to the little augmentation of weight 
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which was occasioned with respect to the cylinder, by 
the ^ir comprised within it. Finally., the result wa^ re-r 
dypod to what would have obtained in water taken at 
its maxin^um ojF deinsity, ^.qd it was found that the new 
unit of weight, or the grs^nime, answered to 18 82715 
grains of the old French weight, pr 15'444 grains of 
English troy-weight. 

73» We shall terminate that which relates to this 
object by a succinct exposition pf the system of new 
French measures: we have before said (69^) that the; 
unit of linear measures, or \hevietre^ was a length pf 
39.370^3. English inches. Its subdivisions in part^ 
successively 10 tipies s^iall^r, bear the names of deci^^ 
vieirCi centimetre^ miilimetrej and its successive d^ci-f 
mal naultiples, those of de^amefre, hectomettCy and kUo-m 
metre or chilicmietre. The same moc^e of division is 
adopted fPr all the other species of measure, and thq 
degrees pf ^hq scalp Relative to each of them are indi- 
cated by the $ame initial expressions annexed to tho 
name of the unit to which they are respeqtiyely re- 
ferred. It is requisite to except the unit in coins, as 
will be seen immediately. 

74. With a view to ensure a facility in reducing, at 
once, by appi'oxim^tioq, ^ new linear measure to ai^ 
old one, pf rpcjprocally, it may be observed that the 
jmiilimetre i§ very nearly equal to ^ of a line of a 
French fopt, or, which a^nounts to the same, the line is 
about I of a millimetre. Hence it results that the fopt 
is nearly eauivalent to 27 millimetres, 

75. The unit of superficial measures for land is a 
squarCt whose side is 10 metres ; it is called ave^ and 
is equal to about 948 French square feet, or 39^ English 
perches. 

76. The stere is a measure equal to a cubic metre, 
l^nd destined particularly for the measure of wood for 
fuel 5 it answers nearly to 29 French cubic feet, or ra- 
^er more than 35^ English cubic feet. 
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!27. The unit ctf the measures of capacity is tlie cub^ 
of the decimetre. It is called litre^ and is nearly 
equal to 5(Vir French cubic inches, or to 61 English 
cubic inches. It exceeds th^ Paris pint by about it& 
fourteenth part. 

18. The gramme^ or the unit of weights, answers 
nearly, as we have before said, to 19 Paris grains, oj 
to 15.444 English grains. The kilogramme ^ or th^ 
weight of a thousand grammes, is equal to about 32| 
troy ouncest 

79. The pound in money bears the name of silver 
franc. Its tenth part is called decimCj and its hun* 
dredth part centime. 

It appertains so much the more to France to sell 
springing from her bosom this new system of measured, 
which are all referred to a determinate part of thft 
circumference of the globe, as tbeir common origin, 
since no other country presents so fortunate a position 
with respect to the arc of the meridian which should 
be measured ; that which crosses France possessing th# 
double advantage of being cut by the mean or medium 
parallel, and of reposing by its two extremities on the 
borders of two seas. But this system whose basis ii 
founded in nature, and is in like manner invariable, is 
^ually fitted for the adoption of every nation. Several 
foreign powers, on the invitation of the French go- 
vernment, sent philosophers of distinguished merit^ 
who, jointly with the commissaries of the National 
Institute, discussed the observations and experiments 
whence have been deduced the fundamental units of 
length and of weight ; thus having concurred by their 
zeal and their knowledge to accomplish this great 
undertaking. Never did the sciences present a spec- 
tacle more worthy of them than that of this societv so 
interesting, which, by furnishing a new proof that the 
enlightened men of all countries compose only one 
family, gave in some sort its sanction to this system^ 
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the adoption of which might become the pledge c7 a 
closer unioa between the nations tbemselves (Ij. 



(I) Among tliQ variotM projects for a universal measure which have been 
laid before the world at different times, there seem few- that deserve any con* 
lideration except those which are fouaded upon expeprnqits with peodulous 
bodies in some assumed position upon the earth's surface, or those which art 
deduced from the mensuraticm of some of the lines or circles belonging to 
that surface. As a universal measure which should be unalterable by time or 
place, to which the measures and weights of different ages and cciuotries m^H 
be referred .as an invariable standard, for their comparis(Hi and estimation^ 
would undoubtedly be of great utility, especially to the philosbplucal enquirer. 
It may be expected that some reinarks should hese be added, relative to the 
principal measures which have been derived firom these distinct source 

Huygens, in his Horologium Oscillatorium, was* as &r as we can ascfrtiUl| 
the first who proposed the distance from the point' of suspension to the centri 
«f oscillatioi, of a pendulum vibrating seconds, as Che length ci t iHiivfrsal 
standard y^d, the third part of which was to be denominated « hwaryfya^ tif 
which all other measures were to be referred. This standard is Cable to two 

• 

dejections: for, 1st. It is not invariable, the length of a second's pendulumi 
m:e the space descended in the first second from quiescence (see nole at arc^ 
*n) being different at different distances from the equator. And 2dly. Tilt 
difficulty of exactly measuring the distance from the point of suspension to 
the centre of oscillation is such, that it is probable no two measurers woul4 
come to the same result. Several expedients were proposed after this of &Cb 
Huygens, but none that deserved any attention, luitil the year 17799 when • 
Mr. Hatton, in consequence of a premium offered by the Society of Arts and 
Manufactures, ^ for obtaining invariable standards for weights and measures 
communicable at all times and to all nations/' proposed a plan which consistM 
in the application of a moveable point of suspension to one and the same pea* 
dulum, in order to produce the full and absolute effect of two pendulums, the 
difference of whose lengths was the intended measure. Here also the ratlo- 
of their lengths was easily determined, from observing the number of vibni» 
tions performed in a given time at each point of suspension. . Whence, there 
being two equations and two unknown quantities, the actual lengths of the 
pendulums themselves might be easily deduced by simple algebraic rules. The 
late ingenious Mr. Whitehurst much improved upon Mr. Hatten's original 
notion, in his essay published in 1787, under the title of ** An attempt towardf 
obtaining invariable measures of length, capacity, and weight, from the men* 
suration of time, &c." Mr. Whitehurst's proposal is to obtain a measure of 
the greatest length that convemency will permit, from two penduluacs whose 
vibrations are in the ratio of 2 to 1, and whose lengths coincide with the 
English standard in whole numbers. His numbers were chosen with consi- 
derable judgment and skill. On a supposition that the length of the second's 
penduhim, in the latitude of I^oadoii, is 39*2 inches, the lei^gth. of one vi* 
brating 42 times in a minute must be 80 inches ; and that of another vibratixig 
84 times in a minute must be 20 inches; their difference 60 inches, or five 
feet, if his standard mMsuiCf The difference in die lengths of the two (ti^ 
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5. On Crystallisation. 

%0, After having run over the chief phenomena pro- 
duced by gravity, we shall find that tliey naturally lead 

4ultims» bowtrer, rtnkiog from hit experiments, was 59*892 incbetf uutead «f 
609 the itiacrqMuicy being occasioned by an errar in the original assunprion of 
99:2 indies instead of 99*128 or 2i9\ inches, as it is very nearly. Still, Mr. 
Wbkeburst bas accomplished a principal part of his grand design, by sboirii^ 
Ymw an infariaUe standard may always be found for tbe same latitude. Bm 
this is by no means all that is wanted. 

The French philosophers have gone much farther, and have rery judid* 
oosly deduced tbe measures of capacity, and those of weight, from tbe trani 
aid linear measure ; confining themselves all along to tbe decimal division. 
But their system is liable to this heavy objection, that it depends upen an 
accurate measure of a quarter meridian of the earth, at the same time tbat n^ 
such accuratn measure has as yet been obtained ; and at tbe same tbne pro* 
bably tbat tbe meridians differ so widely amcmg themselves, as te leave no 
reasonable expectation tbat a correct medium length of a meridian will ever 
be obtained. 

Some otber method, then, must be resorted to, if we wish to obuin a uni* 
▼ersal measure, which at the same time that it shall be inrariable, shall b« 
easily recovered on the supposition the aaual standard is lost. Perhaps tbe 
least objectionable way would be to take for the length of tbe awlrrtbe Icngtb 
cf a 8inq>le pendulum vibrating seconds at the equator, at a certain beigbl 
above tbe surfrce of the sea, when the thermometer is at a fixed medium 
temperature; the length of the metre would then be about 39n)'J7 Eng^iib 
inches instead of 59*3702^3, the metre of the new French system. Tbe mag* 
aitude of tbe are^ the ttere, xht grummet &c. (or any otber terms we tbougbft 
froper to introduce for similar purposes}, might have the same relations to tbe 
metre as in tbe French system. Thus should we possess a standard taken 
from tbe gravitating force of the globe we inhabit, and which might be safely 
eonndered as invariable to long u tbe constitution of tbe earth )nd its time of 
rotation remains the same. The material standard itself might be choeen of 
some shape tbat should possess the double sdvantage of being little affected 
by changes <i temperature, and being a pendulum whose distanee between tbe 
pomt of so^ension and centre of oscillation, should be exactly equal to « 
fixed dimension of the pendulum that might readily be measured with exact- 
ness. Such a body we have in a right-angled cone, or one the diameter of 
whose base is equal to its altitude; for when this cone is suspended by its ver- 
tex as a centre of motion, the centre of oscillation is in tbe centre of its base; 
and when it is suspended by its base, tbe centre of osciQation coincides witli 
die vertex of the solid: the length of the isochronous simple pendulum beiii( 
in both cases equal to the altitude c^^the cone, or to the diameter of its base. 
It will be easy for any person who takes an interest an these speculations t* 
pursue the present hint : other readers 9»ay perhaps think this note mu«b wo 
long. Tju 
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to the exposition of one of the most remarkable results 
of that othesr attractive force which we have compared 
with it, apd which only acts in the vicinity of contact, 
f his result consists in the regular arrangement of the 
moleculsB of certain bodies under geometrical forms. 
It is to chemistry that the deyelop^qaent of the cir- 
^cumstances appertains ^yhich determine the phenome- 
non, where the molecule, at first separated the one 
from the other by the interposition of a liquid, after- 
wards approach one another and become united in 
virtue of their mutual attractions, in propoirtion as the 
moleculae of the fluid go off by evaporation, or by any 
qause whatever. To this operation has been given the 
mLtne- of cry stallisat ion i and that of crystals to the re^ 
gufar bodies which are produced by it. 

The formation of salts, which takes place daily under 
our eyes, by the intervention of dissolvents ^miployed 
by the chemist, is nothing else than an imitation of 
what is passing in the immense laboratory of nature, 
and of the manner of operation in the production of all 
those crystals of different kinds which hang from the 
interior surface of certain caverns^ or are found re-t 
siding in certain earths. 

81, Here a very marked difference between mine- 
rals and organic beings presents itself. The vegetable, 
for example, draws its origin from a germ which the 
nourishment developes, still retaining its form \ and the 
impression of that form is afterwards transnfiitted by 
the way of reproduction, to the individuals the succes- 
sion of which propagates the species. All have their 
flowers composed of parts equal in number, and similar 
both in figure and arrangement; the same relations 
exist in the respective positions of the leaves, and in 
their contours whether rounded or angular, whether 
regular and smooth or dentated. The diversities ex- 
hibit themselves enly in slight and fugitive shades, so. 
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that it may be said be who has seen an individual has 
seen the entire species. 

But a mineral is only an assemblage of similar mo* 
lecube, joined together by aflinity ; its augmentation 
is accomplished by the juxta*position of new no e^ 
cuke that apply themselves to its surface, and its con« 
figuration, which depends solely on the arrangement 
of the particleSi may change by the effect of various 
circumstances. Hence that multitude of diflerent 
forms, and at the same time regular and well dctined| 
which often distinguish the crvstal^ of the same sub- 
stance. Thus the combination of lime with car* 
bonic acid, or carbonate of lime, presents somrtimes 
the form of a rhomboid, that is (m the sense M. 
Haliy uses the word) a parallelopipeJ terminated 
by six equal and similar rhonibi ; sometimes that of 
a regular hexaedral prism ; here it is a dodecatf- 
dron terminated by 12 scalene triangles; there it is 
agauQ a dodecaedron, but one whose iaces are {>en* 
tagons, &c. 

82. All these different forms which the same mine* 
ral is susceptible of taking, and which are sometimes 
totally removed from one another in appearance, arc 
notwithstanding united by a common bond ; and 
although we have not as yet been permitted to un« 
veil the laws to which the Supreme Being has sub* 
jected the forces producing them, we may at least 
know those which are followed in the arrangement of 
fuch moleculse as concur in their determination. We 
shall proceed to a brief exposition of the theory of 
those laws, the consideration of which is within tho 
jurisdictioa of Natural FhUosopby. 
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On the Primitive Forms of Crystals. 

83. It was remarked long ago that a great number 
of minerals, especially among those which have regular 
forms, are composed of laminae, or thin slices, capable 
of being separated one from the otllers, in such mail-^ 
ner that the fragments detached from tliese bodies by 
percussion have their faces plane, smooth, and mor^r 
or less bright and sparklii>g. 

84. We have given the name of mechanical divisim 
(16) to the operation by which we are thus enabled W 
accomplish as it were the anatomy of a cr}'stalj sei^ing^ 
by the help of a sharp-edged instrument, such as a* thin 
plate of steel, the natural joints of its constittient ItH 
minse; and this operation executed upon all the minerak^ 
that favour the enquiry leads to a general result, wUch 
serves as a key to the theory of the laws relative to their 
structure. It consists in this, that if we divide the dif* 
ferent original crystals of the same substance by cor- 
responding sections over all the parts similarly situated, 
we shall 'come to the extraction of a regular solid, 
which is constant for all those crystals, even for thostf 
whose forms are most strongly contrasted. Two or 
three examples will suffice to make this easily com-^ 
prehended. 

85. Let a be/ (PI. I. fig. 3.) be the r^ular ax-sidef 
prism which is one of the varieties of carbonate of lime | 
it will be found that among the six edges ?n, «c, ci, &c« 
of the upper base, there are three which yield to the 
mechanical division. Let in be one of these latter edges; 
the mechanical division is made according toa plane pjuf 
inclined in an angle of 45*", both to the base abcnih^ 
and to the plane inej. The two ridges Ac, and ah, 
will admit of divisions analogous to the preceding, with- 
out its being possible to operate in a similar manner 
upon the three intelrmediate edges c n, a b, i A. 
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It wyi be the complete reverse of thifj with respect 
to the iflferior base g/eirk; for the edjjjes of this base 
viiich will admit of the divisions, will be opposed to 
the non-divi^ble edges of tlie otlier base ; that is to say, 
they will be the edges de^ gfj kr. The plane Iqt^z 
represents the section made about this latter ridge. 
We shall ibeifefore have 6 new planes laid open to im 
by tliese sections ; and if we continue the division 
always panBel to those sections^ mntil all the faces of 
the Jbexa^ral prism have disappeared , we shall ar* 
rive at a rhomboid, y^hioh is as the uucleusi and which 
the figure repre^nts in its due position with regard to 
the prism. The great angle £AI of any one of the 
£ices of this rhomboid, as found by computation, is 
101* 32' 1%". 

Every other crystal of the same species will, if di*** 
tided mechanically, furnish an analogous result* It is 
merely requisite to find the direction of those sections 
that lead to the central rhomboid* Thus to obtain, at 
once, th^ nucleus of the dodecaedron formed of scalene 
triangles (fig. 4), the first plane must be made to pass 
through the two lines £o, oi,— -a second through the 
lines IK, KG,— *a third through the lines gh, he, and 
nearly the superior moiety of the nucleus will then be 
discovered : three other sections made, the one by the 
lines oi^ IK,. aiio^r upon the lines kg, gh, and the 
last t^pon the lines he, bo, will complete the disengage- 
ment of the nucleus. See fig. 5, which represents the ' 
nucleus inscribed in the dodecaedron. 

in* iSonong the varieties of the same substance may 
be observed several rhomboids very different from the 
nucleus^ as to the measure of their angles. But each 
of the^e rhomboids includes another which is still similar 
to the nucleus. For example, the rhomboid shewn at 
fig. 6., in which the angle at the summit is acute, 
and measured by 15** 31' 20", is subdivided by planes 
which intercept the terminal edges ; namely^ on one 
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jKirt nSyttSy tSf and on the other part ns\us\is*^ 
making equal ar.gles with the faces which they Cut. 
The result is the obtuse rhomboid aa', having the sam^ 
angles as that which was drawn from the regular hex- 
aedral prism , and being so situated in respect of the 
circumscribing rhomboid, that its faces are parallel to 
the edges of the latter, as they ought to be froni what 
has been said. That modification of a form which seem$ 
^s a disguise to itself, has perhaps something still mors 
surprising than the diversities which render other formar 
EJce foreigners with respect to their nucleus. 

87. If a crystal of another species be taken, the 
nucleus will be found changed ; if it be still a rhomboid, 
it3 angles will be different. In such a species it will be 
a, cube, in such another it will be a right prism, with its 
bases rhombi, &c. We shall call primitive forrns the 
foxms of those solids which are each inscribed in all the( 
crystals that belong to the same species ; and secondary 

J^orms those which differ from the primitive form. This 
latter is also sometimes immediately produced by cty^ 
8talIisation« 

88. The known primitive forms are six in number, 
namely, the tetraedron, which in this case is always re^- 
gular; the parallelepiped, which is sometimes rhow- 
t>oida], sometimes cubic, &c.; the octaedron, whose 
surface is composed of triangles which are, according 
to the species, equilateral, isosceles, or scalene ; the re- 
gular hexaedral prism; the dodecaedron bounded by 
equal and similar rhombi ; and thedodecae'droncorfiposed 
of two right hexaedral pyramids united at their bases. 
The hexaedral regular prism, which appears here among 

.the primitive forms becomes, as we have seen (85), 
a secondary form relatively to carbonate of lime ; 
and this is not the only example of that faculty 
possessed by the same solid of doubling itself in some 
sort by the varietj' of its functions. 
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Forms of the Integrant Moleculse. 



89. We have hitherto confined ourselves to the con- 
sideration of the nucleus ; since this result of the me^ 
cbauical division, being a kind of constant quantity 
relative to all the crystals of the same species , becomes 
a commodious datum for the theory^ which proceeding 
from this constant quantity, has only to determine the 
variable quantities, that is to say, the several modes of 
arrangement of the moleculse situated in the parts that 
serve to envelope the nucleus. 

90. But before we can pass to the laws of this ar« 
rangement, we must ascertain the kind of moleculs 
which are proposed for investigation ; and it is by the 
subdivision of the nucleus b^ slices parallel to its dif- 
ferent faces, and sometimes in otht^ directions still, 
that we attain this knowledge. 

We will suppose, at first, that the nucleus is a pa* 
rallelopiped, which has no other natural joints than 
those which are parallel'to its faces, and we shall choose 
for example the rhomboid of the carbonate of lime. 
The subdivision of this rhomboid by planes, always 
more nearly approaching towards each other, will give 
rhomboids similar to it, and which successively dimi- 
nish the original volume; and if this division were con« 
tinned mentally beyond the term where the little solids 
woiild become insensible to the eye, tha rhomboids 
would be brought to such a degree of tenuity, that we 
could not divide them any farther without analysing 
them, that is, without destroying the union of the 
chemical principles which compose them. These 
'rhomboids situated, in a certain sense, upon the limit 
of the mechanical division, are what we call the tn/<* 
grant particles of carbonate of lime, to distinguish 
them from the elementary molecuke of the same sub- 
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stance, which are, on pne part, those of the lime, and 
on the other, those of the carbonic acid. 

91. For a second example we will take the dode- 
caedron with rhombal planes (fig. 7.), which can be no 
other way divided than parallel to it»^ faces* I say 
that in this case the integrant particle will be a tetraew 
dron. To prove this, we shall remark that any one 
whjitever of the edges of the dodecaedron is parallel 
to two opposed faces of that solid. Thus the edge^ 0/ 
is parallel to the faces r sy x^ puzh; the edge fu is 
parallel to the faces olr Sy ahzq, and so of others : 
on the other band, any one whatever of the small dia- 
gonals of one of these rhombi is also parallel to two 
opposed faces; for example, the small diagonal passing 
through the points o^ t, is parallel to the faces r sy x^ 
puzh. Therefore if we would subdivide the dode- 
caedron parallel to its different faces, by causing, for 

. more simplicity, the cutting planes to pass through the 
centre, these planes, taken three and three, will always 
pass through a small diagonal, such as /, and by two 
edges contiguous to that diagonal, such as ^, t Sj or 
else oUf tu; that is to say, these planes will intercept 
two isosceles triangles ^^, out, upon the surface of 
each rhombus o s t u: but it will pass at the same 
time through the centre; therefore it will detach te- 
traedrons, whose number will be 24, that is to say, 
double tiie number of faces. The 8th figure repre- 
sents separately the tetraedron, whose exterior face is 
the triangle osty and it may be demonstrated that the 
four faces of each tetraedron are equal and similar 
isosceles triangles : it is indeed a consequence of the 
equality and similitude which exists between the rhombi 
of the primitive form itself. 

92. The regular hexaedral prism which we shaJl 
select for our third example, in like manner only 
admits of subdivisions in directions parallel to its dif« 
ferent faces: it will suffice to cast ja slight look at 
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fig. 9.y wher^ are traced, on the regular hexagon re- 
presenting the base of the prism, lines indicative of 
the subdivisions, to conceive that the form of the 
moteculse is, in this case^ an equilateral triangular 
prism. 

93. Lastly we will consider one of the primitive 
forms, the subdivision of which is not limited to paraU 
]elism with the faces. Such is the right rhomboidal 
prism represented pi. IL fig. 10., which appertains to 
a substance named Staurotide (the cross-stone or the 
granatite of Vauquelin), which is found in the depart- 
ment of Finisterre, where its crystals commonly cross 
Dne another two by two. Tliis prism, besides the 
division parallel to the faces M M, and the base p, ad- 
mits of others parallel to a plane which would past 
through the small diagonal A a, and through that of 
the opposite base ; whence it follows that the integrant 
moleculse are here also triangular prisms, but such as 
have isosceles triangles for their bases. 

We shall not speak of the division of other priilaitive 
forms, because the bounds which we are obliged to 
prescribe ourselves will not admit of our entering into 
the details necessary to remove a difficulty arising 
from this, that the same division appears to tend to- 
wards moleculse of two different forms. It will be 
sufficient for us to observe here that we may, by means 
of a very admissible hypothesis, refer the result to a 
single form of particle which is the tetraedron ; and 
besides this,, if the difficulty now suggested were to 
subsist in its full force, it would not affect the basis of 
the theory. 

94. N6\v, that we may better recur to the remarks- 
able consequence deduced from the subdivision of pri- 
mitive forms, in relation to the number and to the 
forms of the integrant particles, let us imagine that it 
is proposed to determine generally the three most sim- 
ple, geometrical solids. As there must be at least four 
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planes to circumscribe a space, it is evident that the 
required solids will be successively terminated by four, 
five, and six planets ; and by selecting from each kind 
of solid the most simple, we shall have first the trian- 
gular pyramid or the tetraedron, next the triangular 
prism, and lastly the parallelopiped. But such are 
the three elementary figures which give rise to that 
great diversity of crystals presented by nature to our 
observation. . Here we perceive that which we may 
call nature's familiar device, economy and simplicity in 
the mea?is, riches y aiid inexhaustible variety in the effects^ 
produced. 

The three forms now und^r contemplation are diver- 
sified in thfe different" minerals, by the measures of their 
angles, and by the respective particular dimensions 
determinabjle by the theory, and it is principally on 
these differences that the distinction of mineral species 
is founded. 

95. Bat a consideration on which w^e know not how 
to insist too much, is that in all the series of crystals 
which the theory refers to the same primitive form, by 
the aid of laws of which wc shall soon speak, the form 
of the particle is in\^iriable, relatively to tht^ measure 
of its angles and to its respective dimensions ; and this 
constancy, which is demonstrated by facts on which 
it will be enough merely to cast the eyes, and by com- 
putations closely connected with those facts, subsists 
in the midst of all the diversities that modify the com- 
position of a substance. When in the same series of 
crystals this is limpid and without colour,, while that 
contains a colouring principle, and a third yields by 
analysis a certain quantity either of iron, or of any 
other matter of which the other crystals do not furnish 
the Jeast trace : still there exists one principle com- 
mon to all the individuals, which is found in excess in 
some of them, and all those variations, whatever may 
be their cause,, do not even slightly affect the geomc* 
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trical form of the integrant particle : that stands as a 
fixed point about which all the rest seems to oscillate* 
If therefore there be here a problem to resolve, it b 
not that which consists in explaining how tlie con* 
stancy of the moleculoc may agree with the changes 
which intervene in the composition, but those whose 
object is to reconcile these changes themselves with the 
immutability which we cannot avoid granting to the 
form of the moleculse. 

96^ The divisions which we Iiave considered in the 
nucleus extend equally to all the surrounding matter ; 
whence it follows that the entire crystal is nothing else 
than an assemblage of integrant particles, similar to 
those of which the nucleus itself is constituted. We 
shall suppose that these moleculse are the same that 
were suspended in the fluid where the crystallisation 
is accomplished, though we cannot be physically cer- 
tain of this, since they escape our sight in consequence 
of their extreme tenuity ; but in the study of nature 
we cannot proceed more wisely tlian by adopting this 
principle, that things are considered such in themselves 
as tlimf offer themselves to our observations. The ulti- 
mate perceptible results of the mechanical division of 
minerals, even if they do not give the figure of the 
true integrant articles, still deserve so much the more 
to be deposited in our conceptions, as the assuming 
them for data enables us to represent faithfully tlie 
facts presented to us by nature, and to establish their 
connection and mutual dependance. 

The theory which relates to this object consists in 
investigating the laws followed by the moleculse in their 
arrangement, to produce those species of regular co- 
verings which disguise the same primitive form in so 
many dilFerent fashions. 
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On th^ Laws to which the Structure of Cryi- 

' stals is subjected. 

97. If we consider attentively the figures of the plates 
which successively cover again the nucleus of a cry- 
stal, an^ which we shall call lamime of superposition^ it 
will be perceived that proceeding from the nucleus 
they go on by a progressive diminution, sometimes on 
all sides at once, sometimes in certain parts only. But 
the difference between each lamina aYid that which 
precedes it can only arise from the retrenchment of a 
certain quantity of integrant particles that are taken 
from the first till it is equal to the second ; and since 
the edges of the decreasing laminae are constantly right 
lines parallel pne to another upon the different laminae, 
it results that the differences of which we have spoken 
are measured by the subtractions of one or many 
ranges of integrant particles. This, therefore, is the 
enunciation of the problem presented for solution : ^ 
secondary crystal being given, and the figure of its 
nucleus and of its integrant particles being likewise 
given ; supposing, moreover, that each of the laminai^ 
that will be added to the nucleus does not project so 
far as the preceding, in certain parts, by a quantity 
equal to one, two, three, &g. ranges of moleculae ; to 
determine among the different laws of diminution those 
from which a similar form to that proposed will result, 
with respect to the number, the figure, and the dispo- 
sition of its faces, and to the measure of both its plane 
and solid angles. 

This sort of problems can only be resolved by the 
aid of a rigid calculus ; but to facilitate the compre- 
hension of the manner of operation of the laws that 
SfJI've to determine the results, we shall proceed to 
construpt| by the method of syntl^esis, some secondary 
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forms, thus rendering palpable, so to speak, the super* 
position and the variations of the decre^ng laminse 
superadded to the nucleus. 

98. We shall commence with an example quite ele* 
mentary, drawn from the dodecaedron having rhombal 
planes (fig. 11.), which we have before seen (88) ranks 
among the primitive forms, but which we shall bere 
consider as a secondary form, whose nucleus is a cube 
To extract this nucleus it will suffice to take off suc- 
cessively the six solid angles, as ^, r, /, &c., each com* 
posed of four planes, by cuts directed in the sense of 
the minor diagonals. These cuts will lay open six 
squares A £ o i, £ o o' e', i o o' i', &c., which will be tb^ 
faces of the primitive cube. 

This cube, being an assemblage of integrant parti- 
cles of the same form, it will be necessary that each of 
the pyramids reposing on its faces be itself composed 
of cubes equal to one another, and to those which con- 
stitute the nucleus. But this condition will be ful- 
filled, if the first plate situated at the base of any one 
whatever of the six pyramids, have towards each of its 
edges one range \ of cubes less than in the case where 
it would entirely cover the face of the nucleus on 
which the pyramid rests ; and if each of the other 
laminae be in like manner diminished at each border of 
the preceding one, by a quantity equal to one range : 
for, it is very evident that, in this case, ail the lamince 
will be composed of cubes solely. This armngement 
is represented by fig. 12., where it may be seen tliat 
the last laminsD is reduced to a single cube"^. 

This figure is constructed on the hypothesis wherein 
the nucleus has 17 moleculse on each of its edges ; and 
as the laminae of superposition diminish by one range 
towards each of their opposite borders, it follows tliat 



* In the figure only three of the pynmids are si^eradded to the nucleus ; 
it is easy to supply the others mentally. 
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the lengths of those edges are successively as the num-# 
bers 15, 13, 1 1, 9,7, 5, 3, 1, which makes eight laminae 
for each pyramid. The triangular faces o^ i, o ^ i, 
&c. of these pyramids ^re produced by the diminishing 
edg^s of the l^miqgp of superposition which are obvi« 
ously found on the sam^ plane ; so that they are alter- 
nately re-entering and salient. 

But there are six pyramids, and consequently ttven-* 
ty-four triangles. Now, since the diminution is uni- 
fprm throughout the extent of the adjacent triangles 
upon the contiguous pyramids, such as o^ i, o i j^ 
it results that the triangles,, taken two by two, form a 
]|rhombus. 

The surface of the solid will therefore be composed 
of twelve equal and similar rhombi, that is to say, this 
solid will have the same form as that which is the ob- 
ject of th^ problem. The obtuse angle of each rhomr 
bus is measured by 109** 28' 16''*, and the inclination 
of any two rhombi whatever, respectively adjacent, 
is 1 20^ 

Now if for this kind of gross masonry, but which 
possesses the advantage of speaking to the eyes, we 
substitute the infinitely delicate architecture of nature, 
it will be necessary to conceive the nucleus as being 
composed of an incomp^.rably greater n number of imr 
perceptible moleculae ; then the number of laminae of 
superposition being itself considerably augmented, 
while the thicknesses of those laminae will have become 
imperceptible, the channels which those laminae forr^ 
by the re-entering and salient alternative pf their bor- 
ders will likewise escape our senses ; and it ' is this 
whicli obtains in the poly edrae that are formed so easily 
by crystallisation, without being either pressed or disr 
curbed in its progress. 



^ This is a consequence of this that the ratio l^etweep the greater and Ie$!$ 
diagonals of each rhopibus, i$ that of v^2 to 1. 
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To enunciate tbe result wliich we have been de- 
scribing, we say that the dodecaeJron is produced ia 
▼irtue of a diminution by a jingle row or range, {la- 
rallel to all the edges of the cubic nucleus. 

99* If it be imagined that the lamiirx of superposi- 
tion decre^tse by two, three, or more ranges, and aU 
ways parallel to the different edges of tiie primitive 
cube, then the pyramids being more flattened, tiieir 
faces can no longer be found two by two in the same 
plane; so that the surface of the solid will then be 
composed of 24 distinct triangles. 

100. We shall call decrements in breadth^ those 
where each lamina having only the thickness of one 
particle, as in the case wc have just cited, suffers aa 
abstraction from the preceding one, by a quantity 
equal to two, three, or more ranges. The dccrauenU 
in height are those which present the inverted effect, 
that is to say, where each lamina suffering only an ab» 
straction from that which precedes of a quantity equal 
to one range, may liave a height double, or triple, or 
quadruple, &c. of the thickiess of a particle. The 
limit of these two species of decrements has place 
when the difference in breadth and the dimension ia 
height are both equal to the unit, as in the dode* 
caedron with rhombal planes originating from tiie 
cube (98). 

101. The dodecaedron from sulphurets of iron (fer- 
ruginous pyrites), the surface of which is composed of 
12 equal and similar pentagons, a^ may be seen in 
fig. 13., offers us a combination of the two species of 
decrements we have been speaking of* Each penta- 
gon, such as toso^n, has four equal sides, namely 
o/, oj, o'5, o'n; the fifth / 72, which we shall con- 
sider as the base of the pentagon, is longer than the 
others. . Tlie dodecaedron, wliich is here the subject 
of enquiry, has again a cube for its nucleus, at tlie 
iDj^tr^ction of which we shield arrive by causing the 
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cutting planes to pass through the diagonals o i, o E, 
A £, A I, &c. (fig. 14.), which intercept the angles op- 
posite ta the bases ; whence it appears that the por- 
tions superadded to the nucleus, instead of being pyra- 
mids, as in the dodecaedron with rhombal planes, are 
a species of wedges that have for exterior faces two 
trapezoids, such as oi qp^ AEp q^ and two isosceles 
triangles e p o, a g i. 

Each of these additional parts, that, for example, 
which we have just pointed out, /results from two de^ 
crements, the one through two ranges in breadth pa- 
rallel to the two opposite edges o i, a e, of the corre- 
sponding face A E o I of the nucleus, the other through 
two ranges in height, parallel to the two other edges 
£o, A I, of the same face : moreover, each decrement 
acts upon the different faces of the cube according to 
three directions respectively perpendicular. Thus the 
decrement through two ranges in breadth obtains 
upon the face A £ o i, parallel to o i, and a b, as we 
have said, acts upon the face oil' o', parallel to o o' 
and 1 1', and upon the face e o o' e', parallel to e o 
and o' E ; and in the same directions upon the opposite 
faces. The progress of the decrement in height 
through directions which intersect it also at right an- 
gles, is presented to the mind of itself, after the eluc>» 
dation just given. 

On considering attentively the 15th figure, where 
Ve have rendered sensible to the eye the distinction of 
laminae of superposition and the moleculse of which 
they are the assemblage, it will be seen that the pro- 
gress of the decrement in breadth, which contributes 
for example to the formation of the additional part 
E o I y p, and which takes place parallel to the edge 
o I and to its opposite, being more rapid than that a[ 
the decrement in height, which is made parallel to the 
edge o I and to its opposite, the two faces that spring 
from the former must be more inclined than those 
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^hich are produced by the second ; in such sort that 
each pile of decreasing laminse no longer terminates ia 
a point, but in an edge pq: moreover, each trapezoid, 
sxicYi as op q I (fig. Ik), which results from the decre- 
ment in breadth, being upon the same plane with the 
triangle o / i, in consequence of this that the decre- 
ment in height which determines the latter is only the 
repetition in a contrary direction of the decrement in 
breadth^ the aggregate of the two figures forms a pen- 
tagon p o tl q; whence it follows that the secondary 
3olid is terminated by 12 equal and similar pentagons, 
by reason of the regular figure of the nucleus, and of 
the symmetry of the decrements. 

If it be supposed that the decrementii act according 
to two other laws, one of which is always the inverse 
of that which is combined with it, in such manner thlt 
there shall be three, or four, &c., ranges, subtracted m 
breadth and as many in height, the result will still be 
a dodecaedron of twelve equal and similar pentagoiii; 
and it is very evident that all these dodecaedrons will 
differ, either from one another, or from the preceding 
dode^edron, by the measure of their angles* In order 
that the law on which we have mad^ the latter infer- 
ence depend may be demonstrated, it is necessarjr 
that the inclination^ of each pentagon, as t o s o n^ 
upon the pentagon / i ^' i' n, which has the same base 
/ n, when measured upon the natural dodecaedron, be 
equal to that which is determined by the calculus, 
taking for & datum the law now under consideration, 
i^nd which inclination is 1 26** 52' 8"t : but, the gonio- 

• It may be easily conceived that the inclination towhicb we hive given the 
preference, determines all the other angles. 

f To find this inclination nothing more is requbite than to resolve a right* 
angled triangle abt (pi. HI. fig. \6^j in which the side a ^ is to the side k e, m 
|he distance between the edge of one lamina and that of the following, given by 
^e decrements in breadth, is to the thickness of etoh lamina, that is to say. 
as 2 to U The angle aeh will be the half of the inciiaation sought. Hap r. 

The 
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metry (the actual measure of the angle) gives sensibly 
127*; whence it must be concluded that the first mea- 
sure is tlie limit to which the instrument would of itself 
reach, were it not for the little imperfections, which 
do not permit it to offer us^ more than approximations. 
What is here remarked obtains equally in all the other 
applications of the theory : every law of deciement 
furnishes its respective result, the agreement of which 
with that of observation is full as satisfactory as can 
reasonably be desired. 

102. The solid, the structure of which we have been 
explaining, has been taken for a regular dodecaedron 
similar to that of the geometers, since persons were led 
to attribute to crystals the forms that appeared the 
most simple and the most regular, when a polyedron 
is coAaidered merely in its aspect, and as the pliantom 
pf a physical body ; but the theory demonstrates that 
the existence of a regular dodecaedron is not possible 
m virtue of any law of decrement. The reason is that 
the ratio of the quantity of which each lamina is de- 
prived by the following in the direction of^its breadth, 
to the thickness of the same lamina, must always be 
represented by rational numbers; which obtains effec- 
tively in the dodecaedron of sulphurct of iron, where 
this ratio is that of 2 to 1 : on the contrarv, the ratio 
bfetween the two corresponding dimensions in the regu- 
lar dodecaedron is expressed by irrational numbers, that 
is to say, it represents an impossible thing*. But the 
defect of symmetry existing in the exterior of the do- 
decaedron of sulphuret of iron conceals a character 



*> The angle ach '\z obviously that whose tangent Is double the radius, which 
by inspection in any table of natural tangents is at once seen to be rather 
more than 63° 26'. Tr. 



* This ratio is that of v^3 + ^5 to v^2, as it will be easy for geometricians 
to assure themselves; and the measure of the angle formed by the two adjacent 
faces, is 1 16<> 33 32", instead of lie" 32' 8". 
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of simplicity, ij^hich consists in this, that the particle 
being a cube ^vhose figure is remarkable for its per- 
fection, the law of the decrement is, at tlie same time, 
that which prod^ces the dodecaedron by the aid of the 
least possible number of subtractive ranges ; thus it 
may be truly said that it is the regular dodecaedron of 
mineralogy. 

103. We shall terminate that which regards decre- 
ments on tlie edges, by an example drawn from the 
dodecaedron whose faces are scalene triangles (pi. L 
fig- ^)> which is, as we have seen (84), one of the 
varieties of carbonate of hme. Here the nucleus is a 
rhomboid, the axis of which, that is to s<iy, the line 
passing through the two solid angles a, a' (fig. 5.), com* 
posed each of three equal obtuse angled, must be situ- 
ated vertically, that this rhouiboid may be presented to 
the eye under its true aspect ; it results, that s}*mme-» 
try does not require as M'ith respect to the cube, that 
the decrements operating on any one £ o of the edges 
of one of the faces, as a £ o i for instance, should be 
repeated on the opposite edge a I ; since tlie latter, 
which is contiguous to one of tlve summits, lias in some 
measure a mode of being different from the other. It 
is enough that all which takes place with regard to the 
edge £ o obtains equally in respect of the five others, 
1, IK, K o, G H, u £, similarly situated. One may 
judge, solely from an inspection of the figure, that 
these six edges, which are common to the nucleus and 
to the secondary crystal, serve as lines of departure to 
80 many decrements, the effect of which is to produce 
on the two sides of the same edge, such as £ o, two 
triangles £ ^ o, £ 5' o ; thus making in all twelve trian- 
gles, six towards each summit. 

But it is demonstrable by the calculus that, in the 
present case, the decrements are made through two 
ranges in breadth, as may be seen fig. 17, pi. III., which 
is limited to the tracing the species of the superior 



#4 Properties retathe io Forces sdliciiing Bodies. 

"pyramid added ta the nucleus. The salient and re* 
entering alternatives that are formed by the laminae of 
soperposition towards th^ir decreasing edges, being 
Slothing as to sense in the crystal produced by nature, 
the line E s will represent one of the edges contiguous 
Io die summit^ such as it will be seen on the same cry- 
stal; the difference between the geometrical summit Sj' 
znA the physical summit /, vanishing by reason of the 
extreme minuteness of the particles. 

While the laminae of superposition diminish towards 
their inferior borders, they augment on the contrary 
towards their superior borders ; and it is a general prin- 
ciple that the portions of the laminae situated out of the 
reach of the decrements extend themselves, as if they 
irere to make the nucleus while it retains its form sim« 
ply augment in volume. But the theory drops the 
consideration of these subsidiary variations, to contem-^ 
plate only the immediate effect of the decrement^ whicb 
alone determines all the rest. 

One result which obtains generally for all the dode- 
craedrons produced in virtue of the same law^ whatever 
are the primitive angles, consists in this, that the axis 
of each of these dodecaedrons is triple the axis of the 
nucleus, and in this likewise, that the ratio of the soli- 
dities is the same as that of the axes: moreover, it is 
found by means of computation, that in the particular 
dodecaedron now the subject of enquiry, the great, 
angle o e ^ (fig. 5., pi. I.) of each of the faces is strictly 
equal to the obtuse angle E a i of the nucleus (that is 
to say, lOr 32' 13"); and that the incidence of the 
two contiguous faces o i ^, K i J, upon the dodecae- 
dron, at the place of one of the most salient edges i Sj 
is equal to that of the two faces likewise adjacent 
EAio, GAiK, towards the same summit of the nu- 
cleus, namely, 104.* 2&' 40\ It is this that has sug- 
gested the name of metastatic, which has been given to 
this variety, and which indicates the transference^ as 
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it were, of tlie angles of the nucleus to the secondary 
crystal* The solutions of problems relative to the 
structure of crystals have served to unveil a multitude 
of similar properties, and of results of a geometry 
which would appear worthy of being attentively stu- 
died, even when it carries us no farther than its simple 
speculations: but this study presents a double inte- 
rest, when those properties, of which it furnishes the 
developement, have a real foundation in the geometry 
t)f nature. 

104. Independently of the decrements which have 
place parallel to the edges of the faces of the nucleus, 
others are made also in directions parallel to the dia- 
gonals; and as they have the angles for terms of de- 
parture, we shall call them decrements on the angles. 

Let o I I'o' (iig. 18. pi. III.) be one of the faces of a 
cubic nucleus, subdivided into a multitude of little 
squares, which will be the bases of so many molccuiae. 
The ranges or rows of moleculaj may be considered, not 
only in the direction of the edges, as the range lying 
in the direction a a\ but also in the order of the dia- 
gonals, as the ranges, one of which is denoted by 
<i. A, f, rf, eyf^ &c., another by n, ^, /, w, p, Oy r, ^, a 
third by f , Vy ky tt, .r,^, z, &c. ; the only difference is, 
that here the moleculse of the same range merely touch 
by an edge, instead of which those that compose the 
ranges parallel to the edges touch one another by one 
of their faces. We shall limit ourselves to a single ex- 
ample of decrements on the angles. 

105. The 19th figure represents a regular octaedron, 
having a cubic nucleus, the solid angles of which (as 
may be seen in the figure) correspond to the centres 
of the faces of the octaedron: in this case the lamins; 
of superposition diminish by one range over the angle 
of the faces of the cubic nucleus ; it results with resard 
to the angle i' (fig. 18.) which we iiave selected for an 
example, that the cube which answers to % is taken 
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away by the first lamina, that in the second there will 
be an abstraction of two cubes, answering to s,s; in 
.the tbird, those which correspond to z, A, 2', and thus 
throughout; so that the edges situated on the same 
side, upon the different laminas, succeed in right lin6s, 
such as B b', D d', g g', &c. 

Now from the principle (103) that wherever the de- 
crement does not operate, the crystal augments itself * 
on the contrary, as if the nucleus had only to increase 
its volume, the laminae of superposition extend them- 
selves towards the parts situated between their de- 
creasing edges, in such a manner as to envelope them 
mutually until the decreasing edges of the same lamina 
come to touch one another ; there then remains only 
the effect of tlie decrements, which continue their pro- 
gress until they have arrived at their limit. 

'Each of the eight solid angles of the cube will there- 
fore become the point of departure of three decrements, 
which will have place upon the three planes that cop- 
cur in the formation of that angle, whence it follows 
that there are in all 24 faces produced in virtue of the 
decrements. But since the decrements obtain by a 
simple range, it will again happen here that the three 
faces which arise about the same solid an<rle are on a 
level, and thus the 24 faces are reduced to 8 ; and, in 
consequence of the regular form of the nucleus, the se- 
condary octaedron is itself regular. This structure is 
that of a variety of sulphuret of lead, known commonly 
under the name 6f galena. 

In the same case, and in general in all those which 
Lave a relation to the decrements on the angles, tlie 
faces of the secondary solid are no longer furrowed by 
small channels, as when the decrements are made on 
the-edges; they are thick-set with a number of salient 
protuberances, formed by the exterior solid angles of 
,the molecula^ : bufc^all these angles being on a level, 
and the molcculaB being besides imperceptibly, the 
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faces of the crystal appear to form smooth and conti* 
nued planes. 

The 20th figure represents the assortment of little 
cubes that concur to produce one of the faces s mn 
(fig. 19) of the octaedron we have been speaking of. 
The cube o (fig. 20) is situated at the solid angle of 
the nucleus marked with the same letter (fig. 19). 
The cubes whose faces are traversed diagonally by the 
lines bCy cr, r b (fig. 20), appertain to the three first 
laroinse of superposition which repose on the faces of 
the cube adjacent to the angle o; those which are 
crossed diagonaUy by the lines Id^ dg^ gly appertain 
to the three following lamime. Beyond this term the 
diminishing edges touch one another in such manner 
that each lamina takes the figure of ,a square, of which 
the side contiguous to the £ace smn is k u^ xy^ or 
h Zi and all proceed then by laminae of this same 
figure, which go on diminishing on all sides at once, 
to the summits 5, m, n, of the octuedron, where the 
laminae are each reduced to a single cube. n 

106. The laws of the decrements are susceptible of 
certain modifications, which offer a kind of medium 
terms between those we have spoken of ; but this is 
not the place to exhibit them, because our design has 
merely been to expound the general principles of the 
theory, and to give an idea of the most usual results 
to which tho application of these methods may be 
extended. 

We have confined ourselves also to the consideration 
of those forms which depend upon a single law of dU 
minution, and which we call simple secondary forms. 
But crystallisation very frequently presents forms which 
we term compound y and of which the faces are pro- 
duced by the concurrence of several laws of decre- 
ment ; when some one of these laws does not attain its 
limit, its effect remaining as it were interrupted, the 
secondary presents faces parallel to those c^ the nu« 

VOL. I. H 
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cleus, interposed between the little faces which aredut 
to the decrements. 

V 

107. What combinations are comprised in the nu- 
merous modifications of these laws, which by turns, 
separate over different bodies, and exhibit fn the same 
body the assemblage of many forms, acting sometimes 
in preference upon certain edges or certain angles; 
at others^ on edges and angles at once^ multiplying 
equally by the diversity of their measures, and by that 
of their terms of departure ; sometimes completely dis- 
guising the nucleus; at others,, permitting its image to- 
subsist, and making the constant positions of its faces^ 
serve as a basis for new variations ! And if it be sup- 
posed that the number of subtractive ranges are them- 
selves variable, and that there may obtain decre- 
ments by 20, 30, 40, or more ranges, the imagination 
will be staggered at the immense quantity of regular 
bodies with w}\ich only one substance might people 
the subterranean world ; but the force which produces 
the subtractions appears to have a very limited action^ 
and hitherto we have not discovered any law^s whose 
measure exceeds six ranges. Nevertheless such is the. 
fecundity which is allied with this simplicity, that when 
limited to ordinary decrements by one, two, three^ 
and four ranges upon the edges and upon the angles 
of a rhomboid, it may be demonstrated that this spe- 
cies of nucleus is susceptible of producing eight mil- 
lions, three hundred eighty-eight thousand, six hun- 
dred and forty (8,388,640!) varieties of different forms, 
while the number of those which have been hitherto 
observed extend but little beyond sixty, even relative 
to carbonate of lime, which is deemed the proteus of 
minerals. 

108. We shall not enter here into any details re^ 
specting the structure of the secondary forms, whose 
particle is a tetraedron or a triangular prism; but we 
believe we cannot terminate thi;^ subject better than by 
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the exposition of a result which serves to connect this 
structure with that of the native forms of the paral- 
lelopiped. The connexion we now advert to consists 
in this, that the tetraedral, or the triangular prismatic 
moleculse, are always so assorted in the interior of the 
primitive form and of the secondary crystals, that, 
taking them by little groups of two, four, or six, they 
compose parallelepipeds ; so that the ranges-taken away 
by the effect of the decrements,^ are nothing else than 
sums of these parallelopipeds. 

109. Thus in the regular hexaedral prism, of which 
the Iiexagon a b c d f c (fig. 9. pi. I.) represents the 
base subdivided into triangles, which are the bases of 
BO many moleculae, it is evident that any two conti-« 
guous triangles, such as a p i , a o t , compose a rbom^ 
bus ; and, consequently, that the two prisms to which 
they belong, form, by their re-union, a right prism 
having rhombal bases, which is one of the species, of 
parallelepipeds. 

Let us suppose a series of laminse piled upon the 
hexagon a B c d f c, and which undergo upon their dif-* 
ferent edges, for example, substractions who9e nK»«> 
sure is such that these same edges become successively 
in the relative position of the sides of the hexagon 
ilmnrh^ ku xy g e, &c., the effect will be the same 
as t!lat of a decrement by a range of little parallelo- 
pipeds, each composed of two molecule. It may be 
conceived that in the same case the result of the decre* 
ment is a right hexaedral pyramid, whose base stands 
upon the hexagon a B c d F o. 

110. Recurring a^in to the dodecaedron with rhom* 
bal planes (fig. 7.), which we have seen (91) is an 
assemblage of tetraSdrons, whose faces are equal find 
similar isosceles triangles: if we divide the twelve 
rfaombi into four assortments, each constituted of thf ea 
planesj^ such as those which are re-united to form ^ny 

H2 
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one of the four solid angles o^j/y Zj gy we may consider i 
each assortment, that for instance which comprises the : 
three planer olr s^ out s^ ol pu^zs appertaining to a 
rhomboid which should have one of its summits situ-r 
ated exteriorly in o^ and of which the other summit, 
engaged in the dodecaedron, should be confounded 
with its centre. But it is very obvious, that, on tbii 
hypothesis, the twenty-four tetracdrons, of which the 
dodecaedron is the assemblage^ effect a junction, six 
by six, to form the four rhomboids which have their 
exterior summits at the points o,^, z^ g. It follows as 
a necessary consequence, that if we suppose the me- 
chanical division pushed to its limit, all the tetraedral 
moleculaB corresponding to that limit, grouped in like 
maimer, six by six, will give rhomboids. But it is by 
making the laminee of superposition decrease by one 
or by several ranges of these rhomboids, that die 
theory attains to the determination of the secondary 
forms of substances which, like the granate, have the 
dodecaedron with rhombal planes for the primitive 
form. 

111. We have given the name of subtractive particks 
to those parallelopipeds composed of tetraedrons, or of 
triangulair prisms, the ranges of which measure the 
quantity of the decrement experienced by the laminae 
of superposition. The calculus need only attendlto 
these parallelopipeds to arrive at its object ; and the 
kind of dissection afterwards undergone by these little 
solids, v/hen we endeavour to attain the true form of 
the integrant particle, is an affair of pure observation, 
foreign from the theory. The parallelopiped h^e 
represents the unit of the fractions formed of its sub- 
divisions. By means of this conformity between the 
results given by the various forms of integrant par- 
ticles, the theory has the advantage of being able to 
' generalise its object, by referring to the same ele- 
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ment that multitude of forms which, by their diver- 
sity, would seem little susceptible of concurring in a 
common point fvi). 



(•») The Abbe Buee published In the year 1804<» in Nicholtoo't Philoso- 
phical Journal and Tillocfa's Philosophical Magasine, a very able comparative 
d^etch of the outlines of the Mineralogkal systems of Rone de Lisle, ao4 
the Abbe Hauy. As it was M. De L'Ule who first called the attention of 
naturaltsu to crysuUography, we shall throw into this note a brief account of 
his method, diiefly in the language of M. Buee. 

The moat important part of M. de L'lsle*s wovk is his cryacaHosraphical 
tables. In each of these tables he describes one of the principal forms a»> 
sumed by crystals, and then delineates the difierent modifications of which 
that form is susceptible by means of different troncations (/rMMtfterc/), as h« 
calls them. 

* For ebicidation let us take a cube, the primitive form of the second table. 
A cube, it is knpwn, has six faces, eight solid angles, and twelve edges. If the 
cube be truncated in a parallel to one of its fi^es, a rectangled paraUelopipedon 
win be produced, and the equality of the faces will be destroyed. 

* If the e^t solid angles of the cube be struck off, eight new faces will re- 
place the eight solid angles, and instead of six sides we shall have fourteen. If 
the twelve edges be taken oS^ twelve new faces will succeed the strait lines, 
and the solid will have eighteen sides. Such are De L'Isle*s simpU trntcm^ 
tmuM, They may be then combined with each other, and made more or less 
4leep ; hence an immense variety of new ^ures. But these new forms again 
may be truncated in the directions either of their fiicca, aoUd angles, or edges ; 
and these new troncations more or less deep, called by De L'Isle tur^nnca^ 
tmre*, may also be combined with each other. Here the forms must multiply 
to infinity, and their boundless numbers will soon bury the primitive cube in 
oblivion. 

* It must not be supposed that future has furnished us with this infinite se- 
ries of forms; indeed M. DeL*Isle in his tables has only mentioned those 
he had observed, with seme few additional suppoakitious figufef , of which seve- 
ral have been since discovered to exist. 

* This ingenioue naturalist has given us seven crystallographtcal tables. In 
the 1st he describes the teuaedron and iu modifications; in the 2d the cube; 
m the Sd the rectangubur octredron; in the 4ch the rhomboidal parallelopi* 
pedon; in the 5th the rhomboidal occaiidron; in the 6th the dodecaedron, with 
triai^ular faces, and to each are subjoined their respective modifications. The 
object o£ the 7th table is to point out certain modifications of the octaadrcm 
and paraUelopipedon, whether rectangular or rhomboidaL Plates accompany 
each table, where the figures are drawn, and in the observations and notes on 
them are to be found the measures of the principal angles. 

* These crystallographical tables exhibit only geneill representations of so- 
lids, which M. De L'Isle in the course of his wjrk applies to the diierent 
crystals which had already been discovered, and fallen within his observation. 
Hi* work consists of three parts. In the first he treats of saline crystals;, in 
|he second of stoney {fUrrtu*) crystals; and in the third of mttBttic crystals. 
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6. On Heat. 

312. In all that we have hitherto said relative to 
^olid bodies, we h^ve considered their molecule as 
united together in an invariable manner, by the force 
of affinity, and we have only attended to the different 
modifications of figures which might result from their 
arrangement. But affinity itself, or, rather, the ad- 
herence which it produces between the moleculae, is 
susceptible of an infinitude of variations, depending 
upon a cause which balances more or less of the ef- 
fect of affinity^ and often terminates by destroying it 
entirely. 

'l^ose of tbe first class are artificial, those of the two latter classes are natural 
crystals, and are subdivided into genera, species, and varlS'tles. 

• When treating of a species or of a variety, he refers hii reader to the table 
;pKrhere the figure of th^t species or variety is to b^ found, and he then eno* 
merates every thing relating to minerals assuming that crystalline form : but I 
cannot terminate this sketch better than by the following extract from th^ 
Abbe Haiiy's treatise on mineralogy. , 

* <* In short Rom6 de L'lsle reduced the study of crystallography to prin- 
ciples more exact and more consistent with observation. He classed together, 
as mueh as he was able, crystals of the same nature. From among the dififerent 
forms belonging to each species, he selected one which appeared to him to be 
the most proper, on account of its simplicity, for the primitive form, and then 
supposing it to be truncated in different manners, he deduced the other forms, 
and es^blished a certain gradation or series c^ passages from tlie primitive form 
to that of polyedrons, which would scarcely appear to have any connection 
with it. To the descriptions and figures which he gave of the crystalline forms, 
he added the mechanical measurement of the principal angles, and he shewed 
(a most essential point) that these angles were constantly the same in-eacb 
variety. In a word, his crystallography is the fruit of immense labour. by its 
extent ; almost entirely new in its object, and of great value for its utility/* 
Vol I. page 17.* 

It will hence be seen that M. De L'lsle embraces a more narrowly limited 
extent than M. Hauy; the mineralogy of the latter being not only descrip- 
tive, but physical, chemical, and geometrical : it may also be added that the 
method of De L'lsle is deficient in correctness, and may indeed be employed 
to establish falshood ; for by his method forms of the same species may have 
different prinfiitives ; or any form may be assumed as primitive, and any other 
deduced from it. A circumstance which, however it maybe the result of in- 
genuity, is far from tending to stam^p conviction. Tr. 
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This cause is that which most philosophers have 
called heat^ and which the modern chemists denote by 
the name caloric, a denomination which we shall adopt. 

113. Is caloric any thing else than the eflfect of an 
intestine motion, in virtue of which the molecule of 
bodies are solicited to recede from, or approach to, 
one another, according to circumstances ? Or rather, 
is it a real substance, a subtile and elastic fluid, pene- 
trating all bodies, removing their particles farther 
.asunder, or permitting them to approach each other^ 
according as its quantity augments or diminishes in 
each of those bodies? Without deciding any thing 
between thes^e two opinions, ^we shall adopt the lan« 
guage which is conformable to the second, regarding 
it solely as au hypothesis more proper to assist the 
conception of plienomena, and more commodious in 
expression. 

We shall adopt a like method on all similar occa- 
sions, and particularly when we shall treat of electricity 
and magnetism, denoting by the word ^uid the two 
principles chiefly operative in the eflects, either elec- 
tric or magnetic ; not for the purpose of expressing 
beings whose existence is not sufficiently demon- 
striited, but to present, by the imagination, a subject 
to the action of known forces that contribute to the 
production of the phenomena. Still, however, we 
shall not lose sight of the difl'erence between the actual 
fluids which we can feel, and can confine in vessels ; 
and those agents respecting the existence of which 
observations have not, as yet, completely satisfied us. 
We do not, therefore, place them in nature, but solely 
in the theory, since they possess the advantage, when 
judiciously selected, of representing results faithfully, 
of furnishing a satisfactory explii:ation, and even of 
aiding us to foresee future appearances; so that if 
ihpy are Qot the true agents employed by nature in th^ 



• 104 Properties relative to Forces soliciting Bodies. 

production of phenomena, thefy are reputed as occu- 
pying their place and exigting as their equivalents. 

We shall insist the mm'e on this remark, since it 
appears essential to the progress of thft sciences to 
carry along with us, throughout their study, that ex- 
actness and precision of ideas, that correct and rigorous 
method, which reduces every thing to its true level, 
which prevenjts us from saying more of nature than 
jshe has actually revealed to us, and from confounding 
.an hypothesis purely explicative, with a distinct and' 
perspicuous view of objects having a real foundation. 
Natural philosophy may be compared to a picture 
which, to be happily executed, must cause to appear 
that expressive shading which separates certainty from 
simple probability, and in which must be recognised by 
turns a band bold and steady in the traits that are 
strongly delivered, and a hand discreet and well-regth- 
lated in those which require to be softened down. But 
it is time to return to the subject which Had begun to 
occupy our attention. 

It is to chemistry tliat still appertains the develope- 
ment of the effects depending on the manner in which 
caloric acts in the composition and decomposition of 
bodies. We shall consider it especially in its ordinary 
state, and under a physical point of view. 
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114. To facilitate the understanding of the details 
relative to the object which is now to employ us, it 
will not be uselesi^ to present in this place, as by anti- 
cipation, an idea of the thermometer. This instrument 
is composed of a tube, terminated at one end in form 
of a baU, and partly full of a fluid whose dilatations 
and contractions shew the variations that are under- 



Heat. 105 

gone In the temperature of bodies communicating with 
the thermometer. The result is, that the column of 
the liquid within the tube is lengthened and shortened 
in proportion as the heat augments and diminislies, 
or, if you please, in proportion as the temperature is 
elevated and depressed. The movements of the co- 
lumn are measured by the aid of a graduation, in 
which two limits are to be distinguished, one of them 
answering to the point of depression of this column 
when the temperature is that of melting ice, and the 
other to the point of elevation of the same column 
when the temperature is tiiat of boiling water. In the 
thermometer said to be Reaumur*Sy and in that which 
is called centigrade ^ the zero of the scale indicates the 
term of melting ice; but in the former, the interval 
comprised between this term and that of boiling wa- 
ter is divided into 80 puts, and in the second, into 
100 parts. The subdivision is continued in both ther- 
mometers, below zero, in parts equal to those which 
subdivide the interval between the two limits fnj^ 

We must not omit to mention that when the ther- 
mometer is employed as an indicator of the tempera- 
ture of the air, or of any other body, it is supposed 
that the mass of that instrument is so small that the 
quantity of caloric which it yields, or which it takes 
away from the surrounding substances, may be ne- 
glected without sensible error. Weshall give, in the 
sequel (159, &c.), a more expanded description of 
the thermometer, together with the theory of its con- 
struction. 

1 15. The presence of caloric, or rather its accumu- 
lation beyond the term which it had before attained, is 

(n) In Fahrenheit's therinometer, which is still most commonly uaed 
in England, the 32d division is that at which water begins to freeze, or 
snow begins to thaw, and the 21 2th division marks the temperature of 
boiling water: the subdivisions are continued upwards or downwards, with 
respect to these principal terms, at pleasure. Ta. 
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manifested to af principally by two eflEscts:. tbe une^ 
vhich has an intimate relation with ourseivesy is the 
sensation of heat ; tbe other, which is the resah of a 
general obserration relatively to all bodies, conakts in 
their dilatation, or their angmentation of irolunie* 

These, two eifocts proceed from tlie tendency pos*' 
aessed by caloric of remaining in equilibrium' with it- 
self; and it is necessary, before all, that we eadnbit a 
just idea of the coodiUons whidi determine thia equi.- 
hbnum. 

116. Suppose that a homogeneous substance, soch 
as a mass of air, is pemetrat^ by caloric. This fluid 
will di&ise itself uniformly thrbugh all the mass, ia 
such manner that in whatever place of that mast a 
thermometer be posited, it will indicate the same degree 
of heat ; and it is in this uniform distribution of caliirie 
that its equilibrium consists, relatively to the case which 
we are here considering. 

Let us now conceive that there are placed in the 
same atmosphere diiferent bodies possessing respech> 
tivcly an equal temperature, but lower tjian that <rf 
soch atmosphere ; a p*irt of the caloric with which this 
latter was penetrated will abandon it in order to intro» 
duce itself into those different bodies, wherein it will 
continue to accumulate, until there is a uniformity of 
temperature in the system composed of those bodies 
and of the surrounding atmosphere. . At that time the 
caloric will again be in equilibrio with itself; biit it 
does not follow that the different bodies in question 
have taken away equal quantities of caloric from the 
atmosphere in which they were immersed. The quan- 
tity of caloric absorbed by each body will depend dh 
tl)e greiiter or less disposition of that body to admit 
and retain the caloric in its interior, the proportion of 
its particular affinity for this fluid, the figures of its 
pores, and other circumstances. It is this greater or 
smaller disposition of a body to be accessary to tb^ 



Heat. ion 

accumulation of caloric^ that is named in general the 
capacity far heat. 

Here therefore may be comprehended the manner in 
which the equilibrium is established by means of the 
repartition which is made between dit)ei*cnt bodicft, of 
^he caloric yielded by some and taken up by the others. 
In proportion us tiie caloric accumulates in these, their 
affinity for that fluid goes on diminisliing: for it is 
known to be a general law of affinity, that its action \% 
weakened in proportion as the body wtiich exerts it 
approaches to its i)oint of satiuation. The contnu*y 
Imppens with regard to the former bodies that are 
yielding their caloric ; their affinity for that fluid goes 
on augmenting. But it is at the term where the ec]ui- 
librium obtains between the affinities of the diiTereot 
bodies for caloric, that the whole system, coiii^idcred 
under this relation, is itself found to have attained the 
state of equilibrium. 

ill. One particular cause influences the duration of 
the passage to this state of equilibrium: that cause is 
the £su:ulty of conducting the heat, tliat is to say, the 
greater or less facility or promptitude with which the 
caloric is propagated in the interior of bodies of dif^ 
fcrent natures: for example, metals are very good 
conductors of heat; while glass, resin, and other similar 
substances, only possess the faculty of conducting it 
feebly. The artist who blows a ball at the extreuiity 
of a glass tube, holds the tube with impunity at a d is- 
tance sufficiently small from the part which is in a 
state of incandescence, while it would be impossible 
for him to sustain the heat which would be acquired, 
in like circumstances, by a tube of iron, or of some 
other metal. 

US. We have not made known all which passes in 
tlie phenomenon now under consideration. Independ*- 
eiitly pf the portion of caloric, whose communication^ 
between different bodies depends upon their affinity for 
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this fluid, there exists another which is not obedient to 
such-affinity, and which we call radiant calmnc^ since it 
escapes in virtue of its expansive force alone, under the 
form of rays susceptible of being reflected by the surfaces 
of bodies, and especially by those of polished metals. 
Radiant caloric has that also, in common with light, 
that it freely traverses the air, in such manner as to 
be transmitted in a right line from one body to an- 
other ; and then, according to circumstances, it either 
retains its radiant property, or becomes again suscep- 
tible of uniting, by affinity, with the bodies that are 
presented to it upon its passage. In the change of 
temperature undergone by different bodies that tend 
towards an equiUbrium, the quantity of radiant caloric 
taken up by each body is greater or less than that 
which it yields to others. But the equilibrium has 
place when all the affinities of the bodies for caloric 
are satisfied, as we have before said, and when, at the 
same time, each body sends forth to others as mucK 
radiant caloric as it received ; and this equal reparti- 
tion continues so long as the system remains at the 
same temperature. 

1 1 9. Scheele is the first philosopher who has consi- 
dered radiant caloric*; and the sagacity is astonishing 
with which he has seized all the characters at an epoch 
when this subject was entirely new. l^he better to 
study the manner of action of this fluid thus modified, 
be had selected one of the circumstances in which the 
phenomena that it produces are exhibited in a more 
perceptible manner, namely, that in which it issues 
from a stove or oven where M^ood burns smartly, and 
whose door is left open. The caloric in this state 
shoots like a torrent through the ambient air, without 
combining with it, and even without warming it. If 

^ Chemical Treatise on Air and Fire, translated into t^c French \9a^ 
guagc by Dietrich, 17 81 > pa. 118 etseq. 
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the experiment be made during the ivinter, the ob« 
server will distinctly perceive the steam of his breath ; 
which would not happen in the midst of heated air^ 
and which does not take place effectively during the 
summer, because of the heat which is then really com- 
bined with the air, and communicates to it the faculty 
of holding in dissolution a greater quantity of water, 
as we shall explain in the sequel. This emission of 
caloric has so strong a tendency to proceed in a right 
line, that its direction is not changed by the current of 
air which is constantly moving towards the mouth of 
the stove, to replace that which the interior heat has 
dilated ; even in vain do we powerfully agitate the 
air situated before the mouth of the stove, the rectili- 
near progress of the calorific rays is, notwithstanding^ 
no more deranged than that of the solar rays. 

120. Polished metals will reflect the radiant caloric 
according to the same laws as the light. If the mirror 
be concave, the action of the caloric is concentrated at 
its focus, and a piece of brimstone placed at that fo- 
cus, is instantaneously kindled ; yet the mirror is not 
heated ; but if it be put in contact with a hot body, it 
will take from it a part of its heat ; and farther, if the 
surface of the mirror be done over with a little soot 
by being passed over the flame of a lighted candle, the 
caloric which falls upon the mirror then loses its rar. 
diant nature, and becomes combined with the metal, 
which soon becomes heated to such a degree as not to 
be handled with impunity. The phenomena arq no 
longer the same when a plate of glass is made use of; 
the caloric, instead of being reflected, penetrates the. 
glass which retains it in its interior, whence its tenv- 
perature becomes elevated ; in which heat differs from 
light which, in the like case, is partly reflected and 
partly transmitted. 

121. Other experiments serve to render more evil 
dent the difference which exists, in many respects, b«*. 
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• 
twcen mdiant caloric and light. When a square of 

glass is interposed between the stove and the focus of 
a concave mirror of metal, there will be formed at 
that focus a luminous point, Imt which will be destitute 
fxf heat. The same effect will have place, if the ema^ 
nations from the stove be received immediately upon 
one of the faces of a lens; this body vn\[ analyse, so to 
speak,. the emanations, of which tlie part formed of 
radiant caloric will remain in the lens, while the part 
constituted of light will produce behind the lens a 
focus, which will be simply luminous without being ho^. 
Such is the substance of the observations of Scheele : 
they were blended in his mind with ideas relative to the 
nature of fire which have not a like exactness: but they 
were precious materials which might one day be esta- 
blished, as of themselves, in the edifice of the true 
theory of caloric. 

122. Saussure and Pictet have confirmed, by new 
experiments, the property possessed by metallic mir- 
rors of reflecting the radiant caloric. These two phi- 
losophers having made a ball of iron of 54 millimetres, 
or two inches diameter, of a strong red heat, left it to 
cool gradually to the point where it was no longer 
luminous, even in a dark place. They had previously 
disposed two concave mirrors, the one opposite to the 
Vther, at about 4 metres, or 12 feet distance ; and then 
fixed the ball in the focus of the one, while an air- 
thermometer was held At the focus of the other. The 
chamber where the experiment wjis performed was 
completely close, and every precaution had been taken 
to remove all that might occasion accidental variations 
in the temperature of the air. Immediately as the 
ball was placed at its focus, the thermometer which 
occupied the other, and which previously stood at 4 
degrees above zero, began to rise, and in 6 minutes 
arrived, at 144- degrees, while a second thermometer 
suspended out of that focus, at the same distance from 



Budiant Caloric. Ill 

the ball and froin'tlie obseiTer, mounted only to 6 
degrees: whence it results, that in this experiment the 
reflection of the radiant caloric liad elevated the tem- 
perature 8^ degrees. To remove still farther the sus- 
picion that this phenomenon was the effect of a light 
imperceptible to the eyes, Pictet has repeated the ex- 
periment, by substituting for the ball of iron a phial 
full of boiling water, when the thermometer situated at 
tile other focus indicated an elevation of temperature 
of more tlian one degree*. 

123. These experiments have been followed by an- 
other that is very curious, aud capable of imposing upon 
an observer little versed in these topics, who had not 
been persuaded before-haiid that cold cannot be re- 
flected f. The apparatus having been disposed as in 
the preceding experiments, an air-thermometer was 
placed at the focus of one of the mirrors, and a phial 
full of snow at the focus of the other ; immediately the 
thermometer descended several degrees, and then 
mounted again as soon as the phial was taken away: 
the vessel having been again placed at the focus of the 
same mirror, some nitric acid was poured upon the 
snow, and the augmentation of cold which resulted 
caused the thermometer to descend 5 or 6 degrees. 

The first moment was that of surprise ; but the ex- 
plication of t^ie phenomenon soon followed. To com- 
prehend it, let us mentally suppress the twa mirrors; 
then the same thing will happen to the thermometer 
as to the surroundin|r bodies, that is to say, it will 
yield a part of its caloric, which will be continually 
communicated to the snow, in virtue of the affinity by 
which it attracts to itself that fluid: another quantity 
of colonc will escape from the thermometer under the 
radiant form, and will distribute itself between the 

* Saussure, Vo3rage dans/les Alpes, No. 02O. 

f Essais cb Physique, par Pictet j Geneva 1700, pa. tl. et k\^. 
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Tessel and the surrounding bodies. Let us now restore 
the two mirrors to their places: then the portion of 
radiant caloric which had been thrown off for the snow^ 
falling upon the mirror, at whose focus the thermo* 
meter is found, will be reflected towards the other 
mirror, and thence to the vessel, which will speedily 
absorb it ; and this effect, which will be continually 
repeating, will determine a much more abundant and 
rapid emission of radiant caloric supplied by the ther» 
mometer, than that which would have obtained without 
the intervention of the mirrors. We have here the 
same advantage to diminish the heat of the thermo- 
meter, as we have to increase it, when, instead c^ a 
body colder than it, there is placed at the focus of the 
mirror on^ that is hotter ; only, in the experiment ^f 
the phial of snow, the rays of caloric pursue a route 
opposite to that which it would have followed in the 
experiment of the heated ball ; and it is this change of 
direction that imposes on the imagination, presenting 
to it a true reflexion of caloiic under the appearance of 
a I'cflected cold (o). 

(o) Some curious experiments tending to inustraie the nature of radiant 
heat have lately been made by Count RMmJord^ Dr. Henchely and Mr. 
J €sHf. For a dctcriptiou of the experiments of the Count, the reader may 
be referred to his Essays and to the Philosophical Transactions: the prin- 
cipal experiments of Dr. Herschel are noticed by M, Ha&y, in the second 
tolume of this Treatbe : but the interesting «nd important experiments of 
>lr« Leslie* the nature and condosioos from which have been recently 
faibUshcd in this gentleman's ** Experimental Enquiry into the Nature 
and Propagation of Heat,'* demand a rather detailed account in this 

The chief of Mr^ Leslie's discoveries appear to have resulted from the 
IHfEtftious a^^plication of his new instrument, known by the name of die 
Zfifft^ntidi 'i'^ffmwuieter, a»d which we shall describe in a <&ote on a 
«^h9^e^\uent p^rt of this work> where thermometers are treated of. In 
C(>)\juAKtion wtrh this instrument he used a variety of redcctioxxs carehilly 
«wv*tiucttdol block' t»n, and chicfiy oi the elliptical form: chough some- 
time* he tound the pataK^lic form convenieut, especially when the le- 
|kcti<>n was awkdt at coos^erable distances* The heat was given cot from 
tttb^ boxe^ Qt caaistcfs> ol pkin 4&d polished tin, vrith orifices at the 
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124. Weliave not arty method of estimating the ab- 
solute quantity of caloric in a body; nor can we even 
detenuine the relations between the quantities of ca- 
iov^c in different bodies, as we can determine those 

top, through which witer of diflferent temperatures wis introduoed, and t 
comrooh mercurial thermometer occasionally placed in that fluid to indi- 
cate t^e progress of its cooling. When the apparent radiation of cold was 
to be tried> the canisters were ftllcd with ice or snow. The differential 
thermometer being so placed tiiat the ball containing the red liquor wit 
in the focus of the speculum, ahd, the canister being filled with boiling 
water, the red liquor rose to a certain height, and then began to fill in 
proportion as the water cooled. A similar effect, though in the contrary 
direction', was produced by a canister filled with ice : and, in evtry cast* 
the motion of the red liqilor, above or below the point of equilibrium* 
was ezactly proportional to the difference between the temperatures of the 
canister and of the surrounding air. 

When different substances were applied to the canister while it was 
giving out hat, the degree of its emission suffered very singular changes. 
One side of the canister being coated with lamp-black, another with 
writing-paper, a third with crown glass, and the fourth left bare^ or co- 
vered with tiA-foil; the differential thermometer rose to loo, 98, oo, and 
12 respectively, when those four sides were ezpoited to the speculum io 
succession. Hence the metal surface gives out heat about eight timet 
less copiously than the other three substances, ^y coating the focal ball 
of the differential thermometer with tin>foil, it was found to receive about 
five times less heat from any side of the canister, than when it vnM ez« 
poted bare in the focqs; and by coating the surfiice of a concave glass 
mirror> first with black pigment, then with tin* foil, and lastly exposing 
it bare to the heated body, it was feund that the glass reflects very little 
heat, the pigment none at all, and the tin-foil ten timet more than the 
glass. So that the nfietallic surface has about five times lest power of 
Absorbing heat, eight UtneS less power of emitting it,ind ten times greater 
power of reflecting it, than the glass. 

Between the canister and the reflector a frame Vcing placed, ovtr whidi 
Were stretched successively, tin-foil, glass, an(| paper: the communid- 
tion of heUt or cold was stopped altogether by the first, or at least, so little 
passed, that the diffncntial thermometer ifas not sensibly affected, while 
the glass only stopped four-fifths, and the paper not so muck. The me* 
ts^Uic screen, too, produced this effect, however near the canister it wti| 
placed) provided the separation vras perceptible. The other two tuh* 

VOL. !• I 
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which exist betM^een their densities, while the absolute 
density is unknown to us. We are therefore reduced 
to the comparing respectively the augmentations of 
beat received by different bodies whose temperature is 

•tances interrupted the communication more and more the nearer th«; 
were placed to the canister, but always permitted a large portion of the 
heat or cold to pass. 

Two sheets of tin, about ten inches square, were hammered quite flat 
^nd smooth, and one side of each painted whh a thin coat of lamp 
black : the apparatus being arranged as usual, and havii^ joined together 
the tin-plates, with their clear surfaces touching, they were fixed to thic 
vertical frame, and the liquor of the difiKu'ential thermometer rose 23 de-^ 
grees. The position of the plates being inverted, so that the blackened 
sides came into c6ntact, the liquor sunk down to zero. Either of th^ 
plates being removed, the liquor mounted again nearly 4 degrees. ^1^ 
case where both the fxtema) surfoces of the screen are metallic, being 
compared with that in which they are covered with pigment : on the oni^ 
side it receives five times less heat, and this heat is propagated with eight 
times less energy from the other. By the joint influence of those circum- 
Itances, therefore, its efiect is.4d times less; which corresponds to about 
half a degree, a quantity scarcely distinguishable. When the screen con- 
sisted only of a single plate, blackened on one side, the diminished effect 
was a mean between the receptive and the projecting powers, or 6^ times 
smaller than where both surfaces are painted : consequently, this enfee- 
bled impression was equal to about 4 degrees. 

Mr. Leslie having ascertained, towards the commencement of his in* 
quiry, that bodies differ very widely in their power of projecting, absorb- 
xn^y and reflecting heat, instituted a set of experiments for the purpose of 
a<;certaining the limits of this variation. These experiments are, as yet» 
^cft unfinished, though Mr. Leslie has given several specimens of theip- 
rcsuhs. Thus, the chemical qualities of the heating surface have a con- 
siderable influence upon its projecting power; the effect of tin being la^' 
iron or steel operates as 15, mercury above 20. All ozydes acquire & 
greater action as they recede from the metallic state. Lead being as ig ; 
when tarnished by exposure to the air it becomes as 45, while minium 
i^ as 80. Sealing-wax and rosin are nearly equal to paper, and ice is a« 
DA. Tlie polish of the radiatinjg surface diminishes its action, where that 
1)1 not naturally |;reat. The roughening of glass does not heighten its 
proiccting power ; but that of tin is doubled, by covering it with furrows. 
I'hh singular efli^t cannot be owing to the greater surface which the 
roughened metal exposes ; for the increase of surface is precisely counter- 
ImUhced by the incrrtf^e of obliquity, according to a law previously esta- 
bUlhiid by Mr. Leslie; and moreoT^cr, it is found that the addition of cross 
tilf»i}Wl| b) itriatiiif the surface In the other direction, nearly destroys 
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^^vated by an equal number of degrees, and even this 
can only obtain between certain limits. The following 
is the principle on which this comparison is founded. 

125. Some observations, of which we shall speak 
lower down, prove, that in the mercurial thermometer, 
the dilatations are proportional to the augmentations of 
heat received by the liquid, at least from the degree of 
congelation to that of boiling water : it results that if * 
a body be more and more heated , so that its tem'pera- 
ture remains between the two limits of which we have 
just spoken, the dilatations of the mercury in a ther- 
mometer taken for an index of the elevation bf tempe- 
rature, win be also in proportion to the augmentations 
of heat acquired by the bodies subjected to experiment. 
Jf it be supposed, for example, that the temperature 
is at first at zero; afterwards, when the thermometer 
has risen to 10 degrees, the augmentation of heat that 
the body will have received will be double of that 
^hich had place, at the moment when the thermometer 
denoted only 5 degrees. 

126. Now let us conceive that there are mixed to- 
gether a kilogramme, or two pounds of water, at the 
temperature of 34 degrees above zero, with a kilo* 
gramme of mercury at the temperature of zero on the 
scale ; the water will }deld to the mercury a part of its 

the elFecc of the first operation. The ihichiess of the radiating sur^ice 
greatly affects its powers of action. A thin film of itfnglass produces a 
radiation as 30 ; a thidcer one, as 43 ; but when the thickness exceeds the 
thousandth part of an infch, any subsequent increase does not augment 
its action. 

The preoedmg;^ which are only a part of the curious results of Mx> I^« 
Ue*fl ezperimentSy have been Chiefly taken from the account of them in 
No. 18. of the Edinburgh Reriew. But those who are desirous to pursue 
the subject of the radiation of heat fiirther, in connection with tl)e spaces 
through which it is' propagated, the direction in which it moves, the pro- 
jecting; power of the heated body In respect of its position, and the con« 
nection subsisttng between this action and the nature of the projecting ' 
surface, will do wcH to eonsult Mr. Leslie's work, die title of which ta 
given at the begmniiig oC tfaii note. Tr. 
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heat until the equilibrium obtains^ that is to say, until 
the temperature of the different parts of the mixture 
is arrived at uniformity : but, at this term, a thermo- 
meter immersed in the mixture would indicate a tern-* 
perature of 33 degrees : from this we conclude that 
the water has lost the quantity of heat necessary to 
raise its temperature one degree^ and that this same 
(piantity of heat is capable q( elevating the temper^ 
ture of the mercury 33 degrees; whence it follows that 
the quantity required to raise the latter one degree.4s 
only the 33d part of that which would produce the 
s^me eflect with regard to the water. 

127. We have named specific heats (p) those quan« 
tities of heat that are capable of producing in bodies 
equal in mass, equal elevations of temperature, taking 
a degree on the thermometer for a term of compa- 
rison; and since these elevations of temperature depend 
upon the greater or less disposition possessed by bodies 
to unite with caloric, the quantities of caloric in question 
have also had given to them the name of relative capa* 
cities for heat. But we prefer the former denomina- 
tion, as presenting a more exact expression of the idea 
which >ve would attach to it. 

128. If wa represent by unity the quantity of beat 

(p) The late l3r. Black was the first who observed that the capacity for 
caloric Is different in different bodies. Dr. Irvine, of Glasgow, afterwards 
investigated the.subject, and I>r. Crawford published a great number of 
cxperifiients mla^v^. to it m his Treatise on Heat, But the first set oi 
experiments on this, subject, in point of time, were probably those of 
Professot Wilcke, of Stockholm ; though they were no where published 
till they were inserted in the Stockholm Transactions for 1781. Mr. 
Wilcke called the quantities of caloric necessary to raise the temperature 
of any given substances a given number of degrees, their specific calonc ; 
a ttrm which is now pretty generally employed, because the phrase capa- 
city for caloric is liable to much ambiguity. The most correct table of 
specific caloric the tramlator recollects having seen, is in the article 
ChemiBtry, in the Supplement to the Enc^clopasdia Britannica. The 
term specific calonc has been used in a different sense by Seguin, wh(^€iu« 
plo}'ed it to deiiote the whoU caloric which a body contains. Ta. 
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capable of elevating hy one degree tlie temperature of 
common water, ve shall have for the correqMMiding 
quantity of heat relatively to mercury 0*0303 ; and in 
the same manner we may determine in nnita and part& . 
of the unit ths specific calorics of difierent bodies 
referred to that of water, which serves here also as 
the common measure, as well as in the comparison of 
densities. 

129. Thus, in the uncertainty in which we are in- 
volved respecting the absolute quantities of heat con* 
tained by bodies, we confine ourselves to the compa* 
rison of the difierences undergone by those quantities 
between two points of equiUbrium* The r^tio of these 
differences would give that of the absolute quantities 
themselves, if we were certain that the degrees of the 
thermometer below the term of congelation, and above 
the term of boiUnc; water, might measure proportional 
quandties of heat lost or acquired, as accurately as Uie 
degrees between those limits. But this h3^thesis is 
at least very hazardous, and had n6ed be verified (be- 
fbre adoption) by a great number of experimenta. • 

ISO. The method of Crawford, and of several ether 
philosophers, for determining the specific heats^ of 4if^ 
ferent substances, was siniilair to that of which we have 
spoken (126), when we. tobk for an example mercury 
mixed with water: we then had respect to tlie^piirti- 
culs^r specific heat of the vessel • which had been em- 
ployed, and we referred th6 result to the hypothesis- 
^herein its influence^ would be nothing; but it' still 
ilemain^ to estimate the heat taken off by the air and 
other surrounding bodies; and be^des this, it was 
difficult to be assured whether all the parts. of the mix^ 
tare bad acquired the same temperature. These in- 
conveniences disappear in the use of the calorimeter 
devised, by Lavoisier and Laplace, and which combines 
with the merit of precpon that of bein^ alone appli*. 
^able to the case where the substances exercise |i.che« 
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mical' action one upon another*. We shall describe 
this instrument when we have developed somcf princi^:^ 
pies, the knowledge of which is necessary to the attain- 
ment of a JHSt idea of its manner of -operation. 

131. We will return .for a moment to consider the * 
various sensations produced in us by caloric, according 
to the- .different temperatures of the bodies which are 
within our reach. A substance which is in contact ^^ 
witli our hand, and the temperature of which is xnore 
elevated than that of the hand, will yield to it a por« 
tion of its caloric depending upon the relation betweei^ 
the specific beats ; and on occasion of the resulting 
sensation, we say of this substance that it is hot; on* 
the contrary, a substance which we touch, and whose » 
temperature is lower than that of our band, takes from . 
it a portion of its caloric ; and on account of the seiU 
sation which is excited in us by this privation, of oiIo*. 
ric^ we say. that such substance is cold. Thus thu 
temperature of our bodies is with respect to us the 
limit of heat and of cold ; but, at bottom, theie is 
nothing more here than a greater or less differboce 
between two modifications which to us appear op- 
posed, judging frq||i*the testimony of the senses:: tbqp 
it happens that in proportion as the limit varies, thai is 
to say, as the temperature of our bodies is elevated pr 
depressed, we sbalf think the same substance cold, whiph 
to us had appeared hot when we were in other circi||ii- 
stances, and reciprocally. 

Is is wi^ll known to every body that caves are found 
cold during the fiimmer, Und hot during (he wipter. 
The contrast of these two sensations airises from this, 
that the temper^iture of the fKibterran^ous passages in 

* See the Memoir published by tl^ose jtwo celebntfed philosophers, 
imong those of the Acadeipy of Sciences for tl^c year 1780, pa 355, et 
seq* where will be found the re^union of what the theory and ezpeH- 
rrtents have been able to o^cfthi^t is most sati$6ctory relative tfi ^ phe- 
uomena produce4 by beat. >.. « . 
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question is nearly constant, and of an intermediate de* 
gree between those which correspond to the tempenu 
fare of oar bodies in the two seasons. 



On the Effects of Caloric, in producing upon 
Bodies a Change of State* 

• 

132. The molecute of a body which we suppose in 
a state of solidity, are united by the force of affinity, 
wtuch produces their mutual adherence ; but thi3 ad« 
herence is more or less weakened by the elastic force 
of the caloric interposed between the moleculse, and 
which tend to remove them one from another. Thus 
these moleculae are continually solicited by two con* 
trary forces, whose actions balance one another: to 
these two forces there is joined a third, namely, the 
pressure of the s^irrounding fluids, which is opposed to 
the eiFect of the caloric to disperse the molecule ; but 
the action of this latter force is only perceptible in tlie 
passage of a body from the liquid state to that of an 
elastic fluid* 

133. While the elastic force of caloric augments so 
little the distance between the moleculs of bodies, that 
the affinity retains a g^eat part of its energy^, so that 
the resulting adherence cannot be vanquished without 

* It may be supposed that the clastic force of caloric decreases in t 
greater ratio than the affinity, in proportion as the molecals of bodies are 
•eparated the one from the other. When the former of these forces whieU 
at first was preponderant shall have come to an equilibriam with th6 
fccondy the body will cease to be dilated, unless it jeccive more caloric. 
But, it is evident that if, at this term, any force whatever should act to 
separate the moleculie farther, it would experience on the part of the 
aMnity a resistance which could not be balanced by the elasticity of the 
caloric, since the latter would lose more than the affinity; whence it fol« 
Idnrsthat the body must icmain in the state of solidity, is lopg as the ip» 
cumulation of caloric d«es not pass a certain degree* 
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employing an eBbrt more or less considerable, the 
body remains in its state of solidity ; only, in propor- 
tion as it receives small additional quantities of caloric, 
it will pass through different degrees of dilatation, 
whiph cause its volume to vary, without sensibly 
chs^nging its consistence. 

IS*. But when caloric is accumulated in a body to 
such a degree as to balance the force of aifinity so 
th^t the moleculsB may move freely in all directions, 
^nd yield to the lightest pressure, the body will be- 
^OQ[ie lic^u^d. 

At this term a remarkable phenomenon presents it- 
self, which is, that the new quantities of caloric which 
come, in after the instant when the liquidity com*- 
menced, are absorbed by the body as they are received, 
being solely employed in dissolving the new strata or 
beds ; so diat a thermometer placed in ice which be» 
gins to be resolved into water, remains stationary at' 
the degree of zero until the ice is entirely melted. 

135. Now, if it be supposed that the caloric contki 
nues to introduce its^f into a body previously arrived 
at the state of fluidity, its effort will tben be employed' 
contrary to the obstacle which opposes it, or the pres- 
sure of the atmosphere ; and when that obstacle shall 
be vanquished, the caloric will carry with it the mole- 
cules of the liquid, and ^ill convert it into an elastic 
^uid. 

Here the phenomenon which had previously taken 
place during the conversion from the solid to the 
liquid, is reproduced with the same circumstances, 
^at is to say, that, during the whole time of the pas- 
^ge to the elastic state, the new <}uantities of caloric 
which arrive at the body are employed singly in epn-^ 
yerting the succeeding strata or plates of the liquid 
ipto elastic fluid ; in such manner, for example, that 
fbe temperature of the water, in the case now under 
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consideration, is constantly maintained at 80 d^prees 
of the tbermooieter of Reaumur (212'' of Fahrenheit), 

1 36. In the return of the same bodies to their pre- 
ceding state, the heat absorbed entirely reappears wit]^ 
their characters. Thus it is known by experience, 
that when a kilogramme* or two pounds of ice, is 
mixed with a kilogramme of water at 60^> we have two 
kilogrammes of water at zero, for the result of the 
mixture; whence it follows that tlie ice, in passing to 
the liquid state, absorbs 60"" of heat, which it takes 
from the warm water in contact with it. Now if it be 
supposed that the water returns to Uie state of ice^ il 
will develope daring its congelation an equal quantity 
of heat measured by €0'', and which it will communis 
cate to the neighbouring bodies; in like manner, when 
water reduced to v^our becomes liquid again, it will 
again put into activity all the quantity of heat which it 
had absorbed, and which it held concealed. 

137. The name of latent heat (q) has been given to 

(f } The fery important discovery of latent beat was made by Dr. Black 
as-early as 1757> and seems to bave led the way to all the subscqueat 
discpiveries in this part of chemistry, discoveries which have made ahnoit 
a (^mipkte change in the aspect of the science: for the discoveiy thrt 
caloric may exist fai bodies while the thermometer is unable to indicate 
its piiicngey is» as Dr. Thomson remarks, <* One of the strongest links ia 
tbie chain of fiicts by which the nature of combustion was ascertained."' 
Profeswr Picfet coooeiTes that instead of the term lofeiir *ea(» employed* 
in the conversioii of ice into water, we might perhaps use with moie 
pfopriety that of coipric of flmiity^ since there are other eases in which 
the caloric exists in bodies without raising their temperature: in like man- 
ner« he cpnceives the latent caloric in steam should be calle4 caloric tf 
evaporatkm, 

pr. Bl^di never published, his own account of the discovery, but he 
faye it evefy yfar after 1760 in his lectures, to very numerous classes of 
•tpdents from various parts of Europe. Among his pupils, the doctor 
had, about 1763, several gentlemen of Geneva, one of whom corresponded 
vrtth M. <k Inr. And a Swedish gentleman named Willems (from Stoc^<« 
liolm), a student of chemistry, was much with Dr. Black, about the year 
1 708. None of these gentlemen ever pretended that any discovery similar 
19 that of latent heat w%i kno^ in Geneva or Sweden* In 1770 a sur* 
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ibat which is' employed merely in causing a body to 
pass from one state to another, and of which the effect 
becomes nothing with respeict to the themiemeter ; and 
that has been named sensible heat which is susceptible^ 
of acting upon that instrument, Thus^ when the ice 
becomes liquid, thfere is a quantity of heat of 60% 
which is converted into latent heat ; in such tnanner 
that it is, with regard to surrounding bodies and %6 
the thermometer, as thoiigh it no longer existed : reci- 
procally, when liquid water becomes ice, a lite^ 
quantity of latent heat re-assumes the charslcter of 
sensible heat, it transmits itself to the neighbouring- 
bodies, and its presence is indicfitted by? th^ ther- 
mometer, • 
1S8. The sefisible heat is combined, up to a certaMi^ 
jkrint/ with the body which contains it ; in such man-^' 
ntty notwithstanding, that such body retains near at 
band a disposition to yield a part to the surrounding* 
bodies whose temperature is lower than its^ g\^. With 
regard to latent heat, philosophers have contemplated it 
under two different points of view: according to some, 
it is fixed in the body whicH changes its state, and this 
effect is analogous to that which is traced in the cry- 
stallisation of a salt, which appropriates to itself a por- 
tion of the dissolvant ; so that this, being engaged in 
t|ie crystal, loses all its appearances, and nq longer 
retains that which characterises a humid substance. 
Others think that the capacity of a body which has 

> 

> leptitious publication of the doctor's lectures was macte by a London 
bookseller under a |;eneral title; and this work gave a very distinct state-' 
mcnt of tlie leading parts of the doctrine, with a full acknowledgment 
that Dr. Black was the discoverer. In 177 ^ Professor Wilcke, of Stcck- 
^olnx, read a paper to the Royal Society of that city, in which the absorp- 
tion of heat by melting ice is described; and in the same year M, de Luc, 
6i Geneva, published his Uecherchet sur let Modifications dc VAimoiphere^ 
ii^ which the doctrine is, with much less accuracy, employed to. explain 
sj^me meteorological facts. The reader will form a conclusion from these 
facts without much diflRcuhy. Tr. 
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passed fronr the solid to the liquid 4tate, or from thii 
Jatter to the aeriform state, is found augmented. Buty 
of two substances possessing different capacities for 
beat, that which exhibits the most of this faculty has* 
need of a greater quantity ofjieat to keep it at the^ 
siMSie temperature ; and hence it comes, in the opinion 
now before us, thai the ico which is resolved into water 
^sorbs 60° of heat, forming, as it were, the comple* 
fnent to that which its new 8tat6 requires. By a simi« 
]ar reason, the capacity for beat of a body which hat 
passed from the aeriform or vaporous state to that of- 
a liquid, or from this latter to the state of solidity, is 
found diminished. Wis are not, as yet, acquainted 
with any observation that furnishes ^ ground i>f pre* 
ference in favour of either of these opinions* 

139. We are now prepared t6 understand the effects 
of the caJLorimetelr : they consist', generally, in deter- 
mining the specific heat of a body, from* the quantity 
of ice which that body, heated to a certain number of 
degrees above zero, is capable of melttng by its oon-^ 
tact, while its temperature is descend in|^*to zei'o. The 
quantity of ice melted in this case is exactly propor** 
tional to the heat lost by the body, and of consequence 
to that which it would be requisite to employ to ele« 
vate the temperature of that body the same'number of 
degrees as it has been depressed. . 

Here we shall repeat that if a kilogiramme of water^ 
lieated to 60°, be mixed with a kilogramme of ice, w6 
sl^all have after the dissolving of the ice two kilogram-* 
mes of water at zero: for from this it resiilts that the 
quantity of heat necessary to melt a kilogramme of 
ice gives the measure of that which would be capable 
of elevating the temperature of a kilogramme of wafer, 
from zero up to 60°* If, therefore, one kilogramme of 
another substance melt only a demi-kilogramme of ice, 
iii passing to the temperature of zero, we must infer 
that its specific heat i3 to that of water as 0*5 is tii»* 
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unity. If it melt onty a quarter of a kilogramme, the 
r^tio will be thfat of 0*25 to 1 ; and thus the unit, in 
the present case, will be the quantity of heat, wbich^ 
relatively to a kilogramme of water, corresponds to the 
interval between zero ai^ 60^ c^bove tliat point. 

This being granted, if we divide tlie quantity of ice 
irbich auy body whatever has melted in the process of 
cooling down to aero, by the product of the mass of 
the body referred to the kilogramme, and by the num- 
ber of degrees to which the primitive temperature is 
elevated, we shall have the quantity of ice which a 
kilogramme of the same body is capable of melting, 
by a depression of a single degree. of temperature. 
Then multiplying the r^ult by 60, we shall have thi^ 
quantity of ice which would have been melted, if the 
temperature were suuk from 60" to zero, which will 
give at the same time the speciik heat of the body re* 
ierred to that of water, taken for unity, / 

^ The calorimeter is a kind of cage, the interior of 
which is divided into three cavities included the one ii) 
the other. The interior cavity, or that nearest the 
centre, is formed of a grating of iron wire, on which 
the body rests whose specific heat it is wished to ascer^ 
tftin; the succeeding or middle cavity )s destined to 
contain a quantity of pounded ice, which should sur- 
round the interior cavity, and is to be melted by the 
lieat of the body subjected to the experiment; the 
third ox ^jiterior cavity Receives ^noth^r quantity of 
ice, the effect of whiph is to arrest the heat of the air 
and of the surrounding bodies. At the moment of the 
experiment, the temperature of the ice must be at 
zero; and it will be well if that in the outer apartment 
is not below lh.at term. The quantity of water pro- 
duced by the melting of the ice contained in the mid- 
dle cavity runs off, by means of a cock, into a vessel 
situated under the machine; and it is pretty certain 
tb^t this wateir a|ises solely fro^n the action of the h^^t . 
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lost by the body submitted to the experiment, since 
the ice which is iti the same cavity is preserved by that 
which surrounds it from the impression of all extra- 
neous heat* The air and the neighbouring bodies can 
ottly act upon the stratum of ice situated on the out* 
side, and the water which, in this case, is produced by 
their action, flows off by means of a tube which re- 
ceives it separately frj . 

140. We will render sensible, by an example, the 
manner of submitting to computation the result of an 
observation. Let us suppose that a body weighing 7*7 
kilogrammes, heated to 78"" above zero, has melted 1*1 
kilogramme of ice, in passing to the temperature ctf 
sero; if we divide 1*1 by the product of 7*7 and of 
73, we shall have 0*0018 kilo, for the quantity of ice 
which a kilogramme of the same body would be capa- 
ble of melting, in cooling one degree. This result 
multiplied by 60 will give 01080 for the specific heat 
of the bodv referred to water. 

If the body is itself a liquid, it must be inclosed"!!! 
a vessel of which we have determined the specific heat* 



(r) This method, \>j means of the calorimeter, appears hj far the xxmst 
simple of ascertaining the specific caloric of bodies; and, provided we can 
be certain that all the melted ice or snow falls into the reoeiTer, imHC 
likewise be the most accurate. But if we form our jud|;roent from aa 
experiment uf Mr. Wed^ewood, we shall be ready to conclude that thii 
does not happen : fur he found that the melted ice, lO far from fluwin^ 
•at, actually froze again and cfioaked up the patsagie. We should rather 
4oubt, howeyer, whether this circumstance would attend every ezpcri- 
meiix; since we can hardly bring ourselves to believe, that such eminent 
men as Laplace and Lavoisier would not scrupulously regard the parti* 
ct^rities accompanying their use of .this instrument. The ttvak of Mi. 
Wedgewood's experiment is, nevertheless, properly held out as a catition 
not to place an implicit reliance on the condasions furnished by tbit io- 
strument. It may also be added that the external air ought never to be 
below sa** of Fahrenheit (zero of the centigrade), nor above 41* (5* of 
the centigrade}. In the first ca^e the Ice in the middle cavity might be 
cooled too low; in the las|, a current of air would ilov^ through the 
chine atid carry off some of tht caloric* Ta. 
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Then, we must subtract from the quantity of ice 
: melted the part which is owing to the effect of the 
• vessel^ which will give the quantity obtained by the 

cooling of the. liqmd :- the remainder of the operation 

wiU be the same as for scJid bodies. 

141. We hare said that the pressure of the sur« 
rounding fluids is combined with the affinity to ba-> 
lance the force of the caloric, which tends to scatter 
the molecular of bodies, but that the effect of this 
pres!^ure is only sensible in the passage of a body to 
the elastic state. If after having placed under a re* 
€eiver a vessel which contains a fluid, we take away 
the pressure of the air by means of an air-pump, the^ 
Jiquid will be converted into vapours by a much lower 
temperature than in the case where it is found exposed 
to the free air. It results indeed from the experiments 
of Prony, that we may carry the vacuum so far as to 
determine the passage of water to the elastic state, by 
a temperature which is scarcely elevated above zero^ 
while this liquid requires a heat measured by 80** to 
arrive at the elastic state under the pressure of the 
atmosphere. It is a consequence of the same princi- 
ples, that if we ascend a mountain with a vessel fidl of 
water, the column of air becoming shorter as we rise, 
the diminution of pressure which results may be suf- 

, ficiently sensible to give place to the conversion of thoJ 
liquid into an elastic fluid. 

142. This gradation in the passages of a solid body, 
first to the state of liquidity, and then to the state of 
elastic fluidity, has been viewed and presented during 
a long time by philosophers only in' an imperfect 
manner. They merely considered in these tran^tions 
the action of fire, which would commence by dilating 
a body, afterwards would put it in a state of f usion, 
or would convert it to a liquid, and finally would be 
reduced into vapours. The modern chemistry has 
completed the picture of tj|ie phenomena,, by bringing 
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^together, under the same point of vi^w^ the actions of 
t^ose different forces, which incessantly struggle one 
.with another, and whicli, according as the one or the 
other predominates, determines all the transitions be- 
tween the state of a body of which all the molecule 
form a solid and compact ma^, and the state of the 
same body, attenuated to the point of becoming impal- 
pable and of disappearing from our sight* 

^4?« This point of view may also serve to present, 
under a.Qew light, the theory of caloric, in this that it 
brings in connection phenomena which the gcneralitj 
pf men do not class together, and whicli indeed have 
been distinguished in their language : such as, for ex- 
ample, on the one part, the conversion of solid iron 
to Uquid iron^ by the action of fire, or its return to the 
former state by cooling : and, on the other part, the 
melting of frozen wat^, or the passage of liquid water 
\o the state of ice. These phenomena di&r only by 
Ithe circumstances, or by the greater or smaller quau- 
^ty of caloric employed in producing them ; so that it 
is correct to say that the liquefaction of iron by heat 
h'fjbit thawing of iron, and that its return to the state 
of ^eonsisfeeBoe by cooling is the congelation of iron. 
The philpsopheif is thus accustomed to consider under 
the same aspect, to accommodate mutually and connect 
in his conceptions, those effects, of which the one is the 
^ithf ul image of the other. 

144. The results of the action of caloric in balancing 
the affinity of the moleculse of a solid body, at the 
point o( carrying on at first. the transition to the liquid 
state, and finally of drawing along with it the molecubs 
under the form of vapours, are limited by observation 
to. a .certain number of substances. But they have 
yeceiyed^ from, the theory a generality which camiot 
well be refused them, and the consequence has thence 
been deduced, that ail natural bodies are susceptible 
in themselves of the three states of M'hioh we have 
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^oken, suici tbat a great part of these bodies only ap^ 
peat invariable for want of the power of acquiring of 
losing the quantity of caloric sufficient to determine 
their passage from one state to the other* The greats 
est difference which can exist between the temperature 
of climates ithere the most lively heat of the sun is 
experienced) and of those which the great obliquity of 
its rays leave exposed to the most sevei'e cold, product 
not very sensible effects, except with regard to the 
water which constantly retains its liquidity in region^ 
near to the equator, and loses it only by intervals in 
our climates, while towards the poles the enormous 
piles of ice can otAy escape from the constant action of 
the cause w^htch has hardened them, by moving on^ as 
so many floating mountains^ to be thawed in the seas 
of the temperate regions* 

145, In tliis respect the poWer of art greatly «ur* 
passes that of nature* We shall see when speaking of 
water to what extent the action of artificial cold has 
been carried, beyond the point which corresponds to 
the congelation of that liquid. But it is by the effects 
of heat in going back to the opposite limit, that the 
majority of transitions to a new state have been deter- 
mined. By concentrating the action of the solar rays 
in the focus of a burning-glass, we have succeeded in 
melting bodies which had hitherto resisted all the action 
of the fire of our furnaces, and in volatilising gold and 
other metallic substances. 

146. It might seem that this were the ultimate eflPort 
of art in augmenting the intensity of the action of 
caloric; But the modern chemistry has gone much 
farther, by substituting for the celestial fire an ordinary 
fire, w^hich is supplied with vital air, its element, in a 
state of purity : by means of this flame, animated by a 
current of that gas, metals have been volatilised with 
more promptness and facility than in the fociis of a 
lens; and some metals, such^as copper, wbicb were only 
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C^dated by the latter means, hare been entirely vola* 
tilised by the formen Several very refractory stones 
have been melted > others have undergone only the first 
d^^rees of softening, and of thb number are the pu0e 
quartz, and some gems. 

14'7. Bat these limits are still very distant from those 
Vrhich it is requisite that the forces of nature or of art 
should be capable of attaining, that the three degrees 
of soBdity, of liquidity, and of elastic fluidity, may be 
realised in relation to every substance; so that many 
bodies maybe considered, in the actual order of things^ 
some as being in the state of permanence ; others as 
being, at most, susceptible of passing to one of the 
states nearest to that in which it exists habituaUy* 
Thus, we catmot presume that we shall ever have a 
method of volatilising quartz, or of congealing alcohol 
and ether; and the atmospheric air is placed ^ for our 
advantage, unchangeably in the class of elastic and in* 
'Viable fluids. 

14S. Another fact) connected with those which we 
have expounded, is that all bodies that are dilated^ 
whatever be the cause of that dilatation) takes away 
caloric from the surrounding bodies; and on the coi)<* 
irary, all bodies whose volume is contracted, whatever, 
in like manner, be the cause of that contraction, yields 
some of its caloric to the surrounding bodies. When 
We dilate the air contained in the receiver of an aif« 
pump, by the usual operations of that machine, a ther* 
mometer placed in the midst of such air falls at the 
same instant ; if, on the contrary, the air in the re* 
ceiver be compressed, the thermometer wiU be seen t« 
mount* Commonly these variations of the thermo- 
meter do not exceed one or two degprees; bilt it 
appears that the quantity of heat absorbed or diseH* 
gaged in these experiinents, greatly surpasses dmfr 
which we should conclude from the indicattonflf l£e 
thermometer simply ; fior It eught to correspond ia-^ 

vox. I. K 
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-difference of temperature much greater with regard t6 
the air thkn in relation to th^ inrstrument, the ma^$ of 
which considerably exceeds that df the air; and besides, 

:the^neighboaring bodied restore in part the heat which 
has disappeared, or take away part of that which is 

: disengaged ; which teiids farther to diminish the effect 
indicated by the thermometer. 

149. Here we come again to a disagreement of opi* 
iridns amotig philcmophers^ of whom some, think that 

'the quantity of heat Trhicfa disappears in the dila!tation, 
(is combined with the body, and that that wiiich re- 
' appears in the condensation is disengaged from the 
combination ; while others, to explain tibe same effects, 
suppose that the capacity for heat augments when the 
body is dilated, and ^diminishes when it is condensed* 
In the case of a dilatation always increasiiig the capa^ 
city for heat, according to this hypodiesis, would itself 
- increase more and more ; and it has been even con- 
cluded that a vacuum, though it were merely a simple 
space, would have a greater capacity for heat than 
that of an equal volume of air, however dilated that 
fluid might be ; that is to say, that a vacuum would 
give the maximum of this kind of variations. 

150. The preceding remarks may assist in the elui- 
cidatipn of several well-known effects: 

If, for example, we wrap a piece of fine linen about 
. the ball of a thermometer, and moisten this linen with 
.ether, then, agitating the thermometer in the air, to 
ir^new the points of contact, and facilitate evapora- 
tion^ which, as will be seen in the sequel, is nothing 
.else than a species of rarefaqtion, we shall cause the 
liquor in the thermometer to descend very perceptibly; 
hentse again, the sensation of col(l which is experi- 
enced during the evapoi^on.of a drop of spirituoi^s 
liq^gr that hafr been, let fall upon the hand. It will he 
equ^ly j^asy to explain a fs^t whic)i presents a spe<^e£( 
of p^nvi^ox/. f nd wUu^h ^es place^ Mfhen at. the first 
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ttroke of the solar rays, that is to say, at the re-cn- 
gendering of the heat, the thentiometer falls during an 
.instant. This efiect is occasioned by this, that the 
small quantity of dew with which the thermometer is 
moistened, being evaporated by the action of the sun^ 
the thermometer will give out a portion of its caloric* 
We know, on the other hand, that when a bar of iiot 
iron is struck, every stroke of the hammer; by driving 
the mdlecols nearer together, causes jets of radiant 
caloric to shoot forth, which become sensible by the 
impression of heat which they excite all around them. 
These different effects have been enunciated in that 
species of axiom that bodies are the sponges of heat. 

151. Many philosophers have attempted to explain, 
from the same principles, the developement of heat 
which arises from the friction of bodies. They would 
consider thb friction as a species of hammering which 
tends to condense the parts on which it acts, and press 
or squeeze out more or less of the caloric contained in 
bodies, according as the moleculae may be found more 
or less forced towards each other. 
' We ihall now proceed to re-examine the various 
states 'tkle gradation of which we have established gene- 
rally, with a view to consider them successively in 
relation to different parttonlar bodies. 
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152* Philosophers have sought to determine the di- 
ctations of several solid substances, especially those 
with regard to which that determination would become 
interesting .through the precision which may result as 
to certain operations in the arts ; thus it has been found 
that, fo.r every increasing degree of Reaumur's tber* 
lifcifneter, iron is dikt^ about -rshnr of ^ach q{ its di-^ 
jpSeiisiMs; copper xiin* *nd glass ^— * 

K8 
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153. To estimate the dilatation of one of the siaft 
faces of a solids when we know the ratio of dilatatioii 
ci the substance ci which it is composed, we mus| 
multiply the firaction that represents this ratio by the 
jmmber of degrees the temperature has been elevatedf 
and take the double of the result ; and to value tfa§ 
dilatation of the whole rolume, we must triple liio- 
same result : if, for example, a mass of iron be dilate4 
by passing from a temperature marked by 10* oq 
Ileaumur*s thermometer to that 6f 15*^ making an eler 
▼ation of 5 degrees of temperature, ^e multiply by 5 
Ae fraction 77^079 which expresses the ratio of di& 
dilatation of iron ; and by tripling the result we hate 
rn^ ^ TvWv» shewing that the body is dilated by a 
quantity equal to-j^^ of its volume. Mathematiciaiif 
will readily see that this method is reduced to conU 
dmng die body as a paralleloinpedy whose sdidily 
would be the product of the three dimensions of th^ 
body, and subsequentiy enquiring into the augnleota* 
tion of such solid, by makii^ each dimension to vaiy 
according to the given law of dilatation, and rejecting 
from the result the quantities that are affected wi^ 
powers exceeding the first degrees. The error jh-o* 
duced by this omission is considered as nothi^ with 
respect to this kind of results. It is supposed in these 
evaluations, that the degrees of dilatation sensiUy foI« 
low the variations of temperature ; an allowable sup* 
position in the present case, since the bodies under 
conaderation have a moderate temperature, and are far 
from frision, where the action of the caloric acquires, so 
great a preponderance over the affinity, that the dila* 
tation assumes a much more rapid march than that of 
the temperature. 

154. S^Gravesande contrived the following experi« 
ment to prove the dilatability of metals by heat. He 
made use of a plate of copper hollowed into the foim 
if a ringi and of a globe d[ the same metal, the dia- 
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fteler of wliich was precisely equal to that of thft 
openibg ci the ring, so that when this latter was at the 
6rdinaiy teosperatore, the globe would pass through 
its opening without leading a perceptible interstice: 
af t e rwards, when this globe had been heated, it was 
sustained by the nng, m whatever position it was 
l^laced npon it. 

' 155* The dilatabtlity of glas^ is proved by the aid of 
en experiment, the result of which always excites the 
tarpfise of those who behold it for the first time. 
Take a glass tube, of a small diameter, terminated by 
a baH abont the size of an orange ; fill the ball and a 
part of the tube with a coloured liquor, and mark oa 
the ixht the height at which it stands ; immerse the 
baH in % xtmA fbU of water near boiling, and theft 
draw it cmt again: at the moment of the immersioii 
die Hqnor in the tube deseends precipitately by a con«> 
diderable quantity; but it rises again a Uttle higher 
than the mark made upon the tube, as soon as the bafl 
Is Atatm out of the hot wafer* In this experiment the 
heat, winch is communicated at first to the glass, dilates 
the parts, which augments the capacity of the baH, 
uxA canses the Kquor to descend ; the ball being after* 
^rards taken out of the het water, and again placed \a^ 
contact with the air, contracts, and the Uquor, which 
has previously acquired a small quantity of heat, riseft 
a fittie above its first level. 

156. The substance which is fiibricated in potteries 
fbr domestic uses, being in itself a bad conductor 0f 
beatj^ especially if its texture is compact and dese^ 
there will result an inconvenience which will become 
Inor^ or less sensible, when we expose these vessels tt> 
ihe action of heat. This fluid, in consequence of die 
liowness with which it distributes itself, accumulates 
St the places which dfifer it the most free access, and 
tends to produce there a dispersioa of the moleeite ; 
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and, supposing that by due precautions thdse' ruptured 
are avoided which . would render the vessel uns^f 
viceable, there will be made pn its first exposure tQ 
the iire a multitude of litU^ flaws, which are ,aii-i 
jiounced by a kind of cra^hog, an^ which soon be-, 
come ^p|>a^nt to the ^ye, jby forming a sort of net^ 
work upon the surface of the varnish yn^)^ which the 
Ve^el \& gl^TJb^, A mor.^.lppse and porous/ texture 
would obyjtat^. iXm . ii^^qi^vepience^ ? bi^t the ves^ 
.wo61d jthen becqm^ i^ov^ wes^.an^ easily bifoken; so 
that w^. ip^a only ob^ts^ip on^ pf. these, two 'qualities^ 
.$Oli(lity. ^nd. resi^tai;ce to jtli^, action of firp/ at; thq 

expe.i^ of tiie'Qt:b^ri . . ,ii! ,, . , ..'.^ .- -...' 

157* T.te Jiij^u^iice: 9f,;^»loi^ upo^ the diQ^^iyions 
.<)f ;bodii<?s,^;sh.e\fft.in,a..i)[^HUitud^fpf pjb^ fffcte, the 
<)b5jQrvatipri^,o^',which.rJ^..^^^ to us. ..^ sicnsiblct 
jchapge yof ^JD^pi^rati^re sdter^^l^e, degree of teo^qn^flf 
the dOijd? :inr;i^usicai; Aij^tr^im^nfs^ fpllpyirijpg J.^^if? 
iferiepj; yrel^ipq, from tl^fWli^9^,jh^ been est^^fj^i^rt 
by tbe'.'t;4nery:S^p4 ^^pnyiBg.t^l^f^^^'^s of >th^t m^iJ^ual 
.Mju^tipent wit1pox|t wj^ichilv^rrpppy canppt ,^xist, 

r5a,l|t.ip knq>TO,^PWI f he dilatation and the cofldent 

sation ^ w^fc^s,, \ by \ the. y^r^^tipns of .temp^rajtuxe^ 

iSifFect .tho-r r!BgM)^rity..in ^be.j^ti^^ of ^<?locksj| ..by if ug^ 

Olientii^ pr.idiminishing tli;Q^,(^ji^th of.jthe pendal^pE^ 

jrod, . 3y a;.yery ingenious mo|49 of proceeding^, gl^r 

losophers have been able to .turn this c£.use of. irregu- 

Jatity agi^inst it«elf/ s^n4 to/miike tliese anot^alie^.give 

birth to; const^pqy and unifor^nity. The proce3s con« 

sist^^gep^rally, in cooibjLning.twith an iron pejjdulqm 

rod); apother metaljip body, w^ich b ordinarily of 

.ooppecy, ajnd to dispose the whole iu such .manr 

.ner . that .when thc; ir9n bar to which ^^^^e bob i^ 

. suspended , lengthens or sliorttjns,. the copper. expf|^ 

pencing similar variations in a qontrary sense, estfir 

bljshes an exact compensation, the effect of wbic^ 
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U to rekam the centra of oscUl^tion {sj constantly at 
the same heigbt. 



. On the Thermometer, 

I ' ■ r 

159. The dilatation^ of liquids have given, rise to ^ 
valuable jmstniunent in the - hands of the philosopher^ 
which is employed in a" variety of experiments, ami 
which has even obtained>a^bst a general use through; 
tbe.iiltbrest .with ^hich jJl men consult it. This in* 
strument is the thermometer, which serves to measure 

• 

tbp degrees of hjeat jPr.QYious.to its invention phHo- 
soph«k*9 hadi'only uncertain and confused indications of 
tho variations, pf temperature; they were limited to 
)l)e respective comparison/ of the most severe, winters 
and the mofilb.'iscorch|ng summers, fi'om certain general 
^effects w'hkh ^ould present an approximation. almOsjt 
as vagueiia the terms cpld'bnd hot are iil.themselvds. 
TtuB thermometer enab)es:.u0-^to keep a? faithful and 
idetiuled journal of the different Reasons iu every' y^ar^ 
and'tlie gradual effects of itb^ir temperature. > ' » 

. 160. This instrumeiMi^ the first idea of which is 
at4lributed to a Dutchman < named Drehbel,. wafi( at first 
Very lociperfebt, <a8 are.the.iBajority of human iinven* 
jbions. in their origin, .. It.ci)nsbted of a. glaas/tobe^ 
terminated at one end by a ball, and open at the 
opposite extremity. It was immersed by this . same 
extremity in a coloured liquor ; .then, by applying„the 
Jband upon the ball, to heat and dilate the interior air, 
a portion of that air was disposed to escape through 
the liquor; in such manner that when the hand was 
^terwards taken f^om it, the remaining air being con^ 
. . ■ . .... 

(s) The princifal contrivanoet to ensure this compenflUian in pendu- 
lums are described under the article i^ '-•^ niost of our Bncyelo* 
jPSBfiMi those whah%i(9.|iot opn g auch voluminous 
ffBfks ^ referred to ypl jf ,W7-i»a7S. T«r 
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■ densed by the cooling, permitted the Jiquor to intro- 
duce itself to a certain height by the pressure of tho 
exterior air. The instrument was then found in a 
state fit for use, and it was the dilatation of the interior 
air, or its contraction, in virtue of the variations of 
temperature, which, by causing the descent of the 
liquor suspended in the tube, or by permitting it 
to rise, indicated those variations (tj. But it is 
Madily ooroprehended that this instrument, the motions 
of which were complicated at once of the effects of the 
thermometer and those of the barometer, could only 
give eqnivocal indications. 

161. Ere long, however, philosophers employed 
themselves in perfecting this first unrefined sketch, and 
in bringing the instrument to be no more than a sim- 
ple thermometer. Such wuB that which has beeil 
named the Florentive ikertiumKier, and which con^sts 
of a glass tube, terminated hkewise by a ball, but 
fVhich is sealed hermetically at the top, after being 
filled with a coloured liquor up to about the middle of 
its height. Afterwards this tube is properly attached 
to a graduated plate, and the dilatation or contraction 
of the liquor is estimated by the number of degrees run 
over. But as all was arbitrary, both in the constructioa 
of the instrument and in the divisions of the scale, each 
t^erqiooietcF could only be compared w)th itself, &ni 



(1) The fiisi description of a ihermome'er ever puHUhcd is that of 
Solomon dc Cam, a French engineer, in his boob Oet forrej Mouuentfi, 
priated in 1034, in folio; but wrillen prior to Itul pciiod: toi the dedi- 
cfttian to Louis XIII. i; dated 1615, and the piivile^ granted by that 
monarch is iiKil lau. This ihermomi^ter acted by the dilatation of «!( 
'^□nlaiiied in a box, ivhich, pressing it agai&st water, forced il to rise in 4 
tube. The similar invention of Coraeliua Dtcbhel, of Alcmaer, wtts 
devised, it is generally said, while he was in th? couti of James the 
fiKf pf England, which miul have been between 1603 aiid iflas. So 
that »t this distance il is not very easy to determine which of ihf^ 
two was the pilot invenlion, or whether ihey were indcjiendent ot eacl( 
9lii«. 'I'n. 
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two tbermometers thus constructed would not mntuaUj 
aigree, but would speak different languages. 

I62p This was succeefied by various attempts to 
IPender thfirmomcters comparable; and at length Reao* 
muratliuiied this object in a more advantageous man<» 
per than had been accomplished before bis time*, by 
meana of a construction in which the sagacity of that 
cdd>cated philosopher is disptayed^ and which merits 
an ehiddation, even after better instruments have been 
invented. Beaumur, in devising his thermometer, pro* 
posed to himself to fulfil three conditions : the first, 
that the gndnation should commence firom a constant 
term where the zero of the ^rmometer should be 
placed ; ^h^ second, thut the degrees might have n 
determimle relation, with the capacity, both of the 
ball and<ef tli9 p^rt of the tube situated between that 
ball and the point nHi^re the zero is placed; the tlnrd, 
that tl|e alcohol which was employed might have a 
known degree of dilatabitity to which one oould always 
refer it He had to choose between two constant 
terms, which before that time had been remaricedf 
pamely the lieat of boiling water, imd the cold pro^ 
duoed by the poogelation of water t^J% 'He decided 
in fiivour of the latter^ being that which seemed to 
furnish the natund limit between heat fmd cold, and 
be chose ferthe determination of it the instant of the 
artificial congelaition of water by the aid of a mixture 
of i^ and sea^t, PhitosophenT afterwards substituted 
for thb term that of melting or thawing ice, which it 
more invariable. 

- Reaumur made use of common water to graduate 

^18 thermometer^ He first filled the ball and a part of 

ibe tube with this wateri aad arranged it so that the 



* Mem. de TAcad. des Sd. 17S0» pa. 453 et spq. 

(«) These poinb wttt foe projpoaed Vj Ns wtok. See Ci^i^^ofy'f Mc* 
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^oantity of water employed was a thousand times I 
great as that which conltl bo contained in a very smalt 
measure taken for unity. Having marked zero at the 
place wherti the water stood at rest, he prepared him- 
self to trace the degrees, commencing with those of 
condensation,' With this view he took out of the tabe 
such a quantity of water as would exactly fill a mea. 
sare fontaining the oiiit a certain number of times: 
supposing that this measure was of 25 units, there 
would obtain, in this case, 25 degrees of Condensation 
in the thermometer. He made use of the elementary 
measure to obtain these degrees, in such manner that 
every elevation of the water within the tobe, procured 
by the pOnrJug in of an elementary measure, would 
determine the measure of a degree- But in this second 
oper^tioB, HfcauKnir substiuiled mercury for water, 
ijncc it di<{ not adhere to tlie glass, whenoe there 
resultedia greater precision. The mercury by falling 
lo the bottom of tiie ball caused so much of the liquor 
coutain^d in' the tube to rise. By means of this pro- 
cess Reaumur carried the graduation to 8()° above 
zero. , He preferred the graduating of the tube thus, 
by maki^i ecj,ual fiuantities of liquid enter it sooces- 
siv(ily, ,r»tl)^ than to continue the diviaoTt from the 
known magnitude, of a single^ degree^ that he might 
have ^ftthii^. to ;fe»r from the interior inequalities of 
the tube af|d the variation^ of its diameter. 

The graduiition ' being once established, Reaumur 
emptied the tube, and poured into it alcohol up to the 
heiglit of 4 or 5 degrees above zero ; then he immersed 
the ball in water which contained a, vessel of tin en- 
compassing arti6cial ice. Atttie moment wlien the 
water commt^ced coi^clation, Reaumur observed the 
point where the alcoliol stood, and according as this 
liquid was found a little above or below zero, he mok 
from it| or added to it, till its height in the tube coin- 
cided exactly with the point marked zero. 



J 
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It is obvious -frpm these details tliat for one defrreo 
9f heat the alpohol dilated itself by a quantity equal 
to the thousandth part of tliat which, at the niomoot 
gf the congelation, fille.i thp ball :aul the part of the 
tube comprised betvveen th«it Oiill and the point rero. 

The operation would be liinitcd to the processes we 
have described, if all alcohol luid the s;imc (]uality and 
the same dilatab>lity • . But as tl^e advantages, are not 
ajttaipablg, it became necessary to detei:uune the quan^. 
tity of dilatatioD) of which the alcotiol eoipJoycd in the 
GODstruction of the thermometer was susceptible. The 
following is the, way by .which. Reaumur was conducted 
to this . determination* Having plunged at several 
trials a tube filled with alcohol to a certain height ia 
watec, which continued heating more and more till it. 
peached the state of ebullition, he remarked that whep 
the bfibblings. which the heat liad excited in the alco* 
hoi itself were ap^ieased, after the tube had been taken 
from the water, the alcohol was always found higher 
than previous to the inunersion ; but this dilatation 
only obtain^ unto a pertain term, beyond which^ as 
soon as the .ebullition had ceased, the liquor stood 
again at its level. He regarded as a fixed term for 
each kind t>f alcohol, that dilatation which was the 
^eatest that the liquid could experience by the heat 
of bqiling water, when it did not itself boil ; whencef 
|t resulted that there was, in relation to a given alco« 
liol, a constant ratio between the volume of the liquid 
which corresponded to the term of congelation, and 
that of the same liquid dilated as far as it could possi* 
bl}^ be . without boiling. This ratio was the greatest 
for rectified alcohol, and diminished when the alcohol 
was weakened by a mixjture of water. Now Reaumur 
had assumed the ratio of 1000 to 1080, which could 
onlj agree with alcohol a little diluted with water; and 
it was requisite to enquire tentatively what degree oi 
l&ixture produced that ratio. 
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Hence it appears that Reaumur only employed ttie 
beat of boiling water sRcondarily, and that the 80th 
degree on his thermometer was necessarily situated 
lower than on the ordinary thermometer, since it re- 
quired a less heat-than that of boiling water to bring 
the alcohol to the degree where it is at the pmnt of 
ebullition. 

The construction of whicTi we have been treating 
was generally received. Hardly any thing was raon 
spoken of than Reaumur's thermometer; and this 
produced so familiar and intimate a connection be- 
tween the names, that even to the present day the 
thermometers commonly used in France arc called 
thermomctrcs de Reaumur, although they are not made 
conformably to his method. 

163. The motion of the fluid in these latter thermo- 
meters is referred to two fixed terms, of which the one 
that serves for the point of departure is not precisely 
the temperature at which water congeals, as in Reau- 
inur's thermometer, but that at which ice thaws ; the 
other which gives the opposite limit, is the heat of 
boiling water. The tube is chosen of the most regular 
calibre possible, and the distance comprised between 
the two fixed terms is first divided into 80 degrees ; the 
division is then continued similarly below zero. In 
the thermometer, which is called centigrade, the disi 
tance of which we have just spoken is divided into a 
hundred equal parts. 

This method combines with the merit of great ex- 
actness that of simplicit)-, in so far that it solely 
refers the construction of the tirermometer to the I'ery 
cause of the variations in that instrument, and to the 
two epochs where the water, by suddenly assuming a 
new form, apprizes the philosopher of the existence 
of the fixed point whicli he is endeavouring to lay 
hold of. We ought to observe, on this occasion, that 
the pressure of the air has no perceptible influenco 
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upon the first fimiti which is the degree of meltifif( ice^ 
while it is necessary to have respect to that pressure ia 
determining the opposite limit ; since, in proportioa 
as the water is mote or less compressed, ebullitioti 
occurs at a higher or a lower temperature* The 
pressure has been chosen which corresponds to an alt»* 
tude of 29*9 English inches in the barometer, because 
this is the mean pressure, or that which commonly has 
place on the sea coast. 

It is now pretty manifest that the two limits being 
the same in different thermometers constructed ac« 
cording to these principles, and the degrees of the 
scale on all such thermometers being parts propor^ 
tional to the distance between the two limits, the indi-y 
cations furnished by the motion of the liquor corre^ 
spond with one another, whatever the distance ia 
question may be« The graduation will thus become^ 
as it were, a language of communication between all 
thermometers} so that if two of those instruments 
placed, the one at Paris the other at Amsterdam, indi* 
cate the same degree, we may be certain that the 
temperature is the same at the two places ; and that, if 
they mark diflerent degrees, each of them will tell us 
precisely what the other would if it were in the same 
position. 

IM. The choice of the liquor is an important circum^ 
Stance^ whether for giving to every thermometer a pro« 
gress more conformable to that of the temperature, or for 
piroducing a more exact agreement between different ther^ 
mometers. During a long time alcohol was employed i 
bnt» supposing we were able, by a process similar to that 
of Reaumur, to place this liquid always in a state where 
ks extreme dilatation would retain the same ratio with 
diat which should answer to zero, there would remain aa 
iocoiivenience to which sufficient attention was not ori- 
ginally paidf and which consists in this, that the progress* 
me dilttttioiis of the liquor mark degrees perceptibly 



142 Propertied rilafwe to Porces soliciting Modieil 

equal for equal variations of temperature. The expert^ 
ments of Deluc have served at the same time both to de- 
monstrate this inequality, and to render evident th^ 
advantage possessed by mercury, of being among all 
known liquids, that which approaches the most to the 
state of undergoing dilatations exactly proportional to the^ 
augmentations of heat, at least between xero and the de-^ 
gree of boiling water. One example will suffice to give^ 
an idea of the manner in which the celebrated Genevese 
philosoplier wa^ Conducted to this result. 
' Suppose that in an apartment whose temperature is 6* 
above the zero of the thermometer divided into. 80 parts^ 
we mix with a certain mass of water possessing that same 
temperature a new equal mass of water heated to 75% and 
that we agitate the water greatly ; the excess of the heat of^ 
the hott^ wsTter above that which was tess heated will t)jef 
equally divided between the two masses of water; in such 
manner that the temperature of thie mixture, when arrived 
at imiformity, will be equal' to the 6** that was common to 
both masses,/i/«xthe half of the difference 69° between the 
two temperatures, that is to say, It will be 404-% If^ there-* 
fore, we then plunge into the mixture the thermometer 
which has served to determine the particular temperatures 
of both masses of watery and if the liquor of that thermos 
meter should stand at 404-'', we should conclude that its 
dilatation is proportional to the augmentation of heat. It 
is to trials of this kind that Deluc has subjected mercury^ 
and he has found that it sustained them in a satisfactory 
manner^ except that it remained a little below the point 
where i^ should be to indicate the true temperature of tha 
mixture. But, on comparing the progress of the alc^ohol 
with that of the mercury, between the same fixed, points^ 
it is observed that in general the former of these liquids 
is always elevated to a less height than the other; and 
this single observation suffices to prove that the indica^ 
tions of the mercury are those which approximate nearest 
to the truth. Hence it is desirable that the use. of nier* 
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citriat thermometers may become general, since they alone 
are comparable. The thermometer of alcohol should 
only be employed in the case where it is wished to make 
observations with an artificial cold greater than that of 32% 
^htch determines the congelation of mercirry. With 
regard to this latter effect we shall reserve the exposition 
of it tin we treat of the congelation of water, which is ac- 
contpanied by circumstances, the contrast of which with 
those presented by mercury in the same case, have in- 
duced us to reunite the two phenomena under the same 
point of view. 

' 165* Some philosophers have thought that when air is 
left between the liquor of the thermometer and the top 
of the tube, the dilatations of that fluid by the action of 
heat would be opposed to those of the mercury or of the 
alcohol, an obstacle which would affect the regularity of 
these latter. Yet observation shews that this obstacle h 
of no force, and the theory alone indicates that it ought 
to be so: for the air in this case can only act upon the 
liquids as a compressing force; but it is known that liquids 
present a sensible resistance to compression, and this re- 
sistance obtains equally at all temperatures; while, on the 
contrary, fluids permitting themselves to be compressed 
with much facility, it will be the mercury or the alcohol 
which will compel the air to contract and to surrender 
its place (tcf). 

* 166. In the words of foreign philosophers [M. Hauy 
-obviously means foreigners with respect to France, as the 

(«} It fats been usual whcn^tdb hate been distinguished from liquids^ 
to ay that the latter are such substances as impart moisturt to other bo-- 
4ies immersed in them, or applied to them; an(| in this sense mercury is 
'iMt a Uquid, but simply tijluid. M. Hauy, howeTer, instead of this di- 
-•tiactkm has genemllyy though not universally, adopted another. In which 
>tiie tenn UquiMiy is rtstricted to those which have been commonly deem- 
ed incompressible fluids, aad that of Jtuiiity to those which are o^mpre*- 
•Ible and elastic The distinction between aeriform or permaitently elastic 
Jh»dt, wod vapours. €unonrf€rmmimt€lastk a mad«.byM. Haijy 

aftjpv. aa9 fipUowing. tiu. 
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English, the Germans, the Russians^ &cO we £reqnentl/ 
meet with the results of observations relative to two othet 
thermometers, of^ which it will not be useless to giv0 
some account in this place, that it may be in the power oj^ 
every reader to translate their latiguage into that of the 
thermometer in use among us. 

The first is the thermometer of' Fahrenheit, which i$ 
mercurial, and has for iited terms the degree of congeku 
tion produced by the ammoniacal muriate, and that whick 
answers to the heat of boiling water. The interval be* 
tween these two terms is divided into 212 parts; the 32d 
degree coincides with the zero of Reaumur's thermometer^ 
which gives ISO"^ from this point up to that of boiling 
water. Thus^ 9 degrees of Fahrenheit's thermometer 
are equivalent to 4 degrees of the thermometer divided 
into 80 parts, and to five degrees of the centigrade ther* 
mometer; which (duly regarding the position of thpf 
freezing and boiling points) will suffice to institute the 
comparison between the residts given by the two instn»* 
ments. 

167. The other thermometer is that of Delisle, in 
which that philosopher likewise employed mercury; it 
has only one fixed term, namely that of the heat of boil** 
ing water, where the zero was pteced. The degrees of 
condensation below that term were the ten-thousandth 
part of the capacity of the ball and of that of the tube which 
terminated at the zero. The degree to which the tem- 
perature of thawing ice was referred, and which cOr* 
responds to flie zero of Reaumur's thermometer, was the 
150** of the descending scale upon the thermometer of 
Delisle: whence it follows that 15° of this thermometcfr 
answer to 8" of the thermometer divided into 80 parts^ 
and to 10"* of the centigrade thermometer; so that wit^ 
respect to the latter the ratio reduced to its greatest sim« 
plicity is that of 3 to 2. {x). 

{xj Ia iht brief accoufit of the interesting deduction^^ made hj Mr* 
Leilie from his ably conducted experiments relative to heat, given at adte 



The multiplied researches undertaken by philosopheri^ 
with the view of perfecting the thermometer} would alone 
suffice to prove the merit and importance of this instm* 
meiit. It has served to unveil to us a multitude of in« 
letesting facts. Its presence is necessary in ad infinity of 
ttperimcnts to compare the temperatures of bodies which 
ire onployed, or determine the changes which have hap- 
pened in the temperature they possessed originally^ It is 

(9) ^n. Its, a fefefcaee wn nude fo that philowpher'fl dtfirmHal tker^ 
wmmHtr, nhich thall tliefcfoic be detcribed here. It oootittt of two 
iBbet, each tcrmhiatiBS in annaU bulb of the tame dimentioasy joined by 
tfiS hhw-^iptf and bent ia die form of a D, a sniall portion of dark co* 
hand Bfiior bavia^ pfcrieasly been intiodooed into one of the balU. 
The IbU bat adapted to the purpoie it fbnnd to be a aolutkm of carmina 
hi c— sintiaw d tnlphmic acid, By managing the hicluded air with the 
heat 9i die hand, this red liquor it made to stand at the required point of 
<M sppoi lli trt>e. This ttdie xeioofaacale fiotened to that tube, an4 
dhrided inio equal parts above and below that point The tmtrament ia 
dien liaed eo a ttand. It it roanile«t that when the liquor it at rett, or 
fomta at mtOf the column it pr> sed in oppotite diteetiont by two poi^ 
doBi uf air equal in elatticity and oonuining equal portiont of calorie. 
Whatefur iMat, thereftie, may be applied to the whole instrument, pro* 
vkkd both bulbs ieoeive|t in the tame degree, the liquor mutt remain at 
seat But if the one ball reecirct the slightest exoett of tempemture, the/ 
air wliidi it contains will be proportionally expanded, and wiU push th« 
l^idd agalntt the air in the other bulb with a force varying at die differ* 
case b et we en the tsmpenturet of thote two portiont of air : that the cqui* 
Ibriam wtU be dettroyed, and the fluid will rite in the oppotite tube. Ths 
depuet of the teak through which It passer will mark the tuccestite aug* 
mantationt in the temperatuie of the ball which it espoted to the greatatt 
heat; to that thit inttrument it a balance of extreme delicaqr for coaa« "^ 
parfaig the tempetaturet of itt two scales. 

When thermomtteet are contrived to meature veiy great degreet of heat 
by the expantiont they produce in tubttancet, or, on the contrary, the ex* 
pantione conctponding to diffinent temperaturct, they are characterited by 
tlw name of pyraaieferr / deacrlptions of the principal of them bdug given 
hi OMMt of our Encyelopcdiat. A very good hittory of thermometen ia 
given under that word in Dr« Hu^lbn'i Mathematical and Philotophical 
Siedmnry. The reader may likewjte consult the translation of Oaanam'a 
Racieations, vol. iv. for tome useful particulan; and *he second volume 
of Gregory't Mecbanict for an account of the ttept uikcn by the com* 
mittee cf the Royal Society of London reladvc to the a^iuitment of the 
dsoii pointt of fh o Hnpmate rfc Ta. 

iroL. Jp L 
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' often useful to have recourse to its indication!^ tb know 
the heat that is proper for the chamber of a sick persony 
the water tjf a bath, a stove, or a hot-house, ki which we 
would either promote the vegetation of indigenous plants^ 
or preserve foreign plants. It is, so to speak, a social in- 
strument, which every one tnay at his pleasure interrogate 
respecting so important a point as' the variations expefi* 
enced in the temperature of the fluid in the midst of 
which we live; and when these variations extend them- 
selves much beyond the ordinary limits, the indications bf 
the thermometer become of general interest ; the recital 
made by each person of what he has observed on 4m 
own instrument is, at such seasons, one of the sitljgect& 
which takes the most prompt possession of familiar bota- 
versation. 

As to the dilatations of liquids, by the acctfmnktien 
of caloric, we shall reserve them to be spoken of when we 
are treating the properties of the air. 



On Combustion. 

168. Although the theory relating to the manner In 
which caloric acts in combustion appertains properly to 
chemistry, yet we cannot willingly ternlinate that which 
regards this fluid, without giving some such details on 
this subject as are connected' with the history of Natural 
Philosophy. Combustion presents generally the aspect of 
a body that is dissipated in producing what are commonly 
called heat and light. In the vulgar language Jire and com" 
bustion are almost synonymes the one of the other ; but 
in the idea of the ancient philosophers, fire was the agent 
of combustion. They regarded it as a fixed principle in 
bodies, the extrication of which produced the dissipation 
of the moleculse of the substance containing it; and it 
was to the same principle that Stahl gave the name of 
phlogiston. The manner in which the philosophers who 
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adopted the doctrine of that celebrated man explained 
combustion was the more seducing^ as the cause on which 
they made this phenomenon depend was presented under 
the appearance of a mechanical cause. The moleculse 
of elementary fire were lodged in those of the body as in 
so many little covers or wrappers, where they experienced 
a compression similar to that of a bent spring. In com- 
bustion, the fire escaping in consequence of its expansive 
force, the particles by which the deflagration is com- 
menced impress upon the neighbouring particles a stroke 
or jolt which occasions their rupture by the unbending 
or ' expansion of the fire which they concealed ; -and thus 
the commotion, and, by a necessary consequence, the con- 
flagration would be communicated from one particle to 
another through the whole mass. The air would contri^ 
bute to mamtain and to accelerate the action of the fire, 
by reacting contrary to it, and by opposing to its dissipa- 
tion an obstacle which would concentrate its action into 
a smaller space, and thus augment its energy. 

16^ But the discoveries of modem chemists, and 
especially those of the illustrious Lavoisier, have entirely 
changed the point of view under which combustion should 
be contemplated. They have demonstrated that this 
- combustion consists in a combination of the proper mole- 
culae of a body with those of the oxygen which that body 
takes up from the surrounding air, accompanied by the 
disengagement of light and of caloric, which retained the 
oxygen in the state of an elastic fluid. This doctrine has 
caused phlogiston to disappear, as being at least useless ; 
and the atmospheric air, which was regarded as a simple 
stimulant, with respect to combustion, furnishes the piin* 
ciple which is the chief and immediate agent (y). 

/ (y) The tttbject of combustion is a very difficult one^ respecting which 
Ofwiions arp still afloat: the theory of the eminent yet unfbrtumte Lavoi* 
«£)-» though adopted by M. HaSy, and indeed by the generality of che- 
mists both continental and Ei^lisb, is far from satisfactory. It' is tnie^ 
that be has corrected the errors of scTcral of his predecessors, and has ad- 

l2 
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▼anoed one very important step before them; but many additional stepa 
are f'-^ubite to render the theory complete. It explains satisfactorily whf 
the burning body gradually wastes away during the process of combustion; 
but it furnishes no explanation of the constant emission of heat and light, 
though this is a circumstance quite as ^rthy of attention as the wasting 
of the body. Indeed the French chemists have attached a new meaning to 
the term evmhusHon^ having made it stand for the general comhinatUm of a 
body with oxygen: but Dr. Thomson of Edinburgh, who has lately ex* 
tended and improved the theory of Lavoisier, employs the term in the 
sense usually affixed to it by the generality of mankind. When « body 
undergoes combustion, two things, as this philosopher remarks, take pbce. 
1. The body gpradually wastes away, and often ^sappeani altogether; ic 
being then said to be contumed ot burnt 9. During the whole of this 
process it emits heat and light ; the heat and light thus emitted are usually 
denominated^e; and the waste of the body }s considered as the eftct oc 
consequence of its combustion. Hence, a true theory of combustton 
must satisfoctorily account for these two things ; namely, tlie change 
which, the body undergoes, and the emissioo of heat and light which ac« 
oompanieii this change. 

Dr. Thomson thinks that^ it fitf as combustion is concerned, bodies 
may be. arranged under three classes: viz. i. Combustibles. 9. Sup* 
porrer»t>f Combustion, s. Incombustibles. In his theory it it tup* 
posed that the light of combuttion is furnished by the combustible b«dy« 
and tlie heat by the oxygen of supporters; but that products convert com* 
bustibles into products by mere oxygenation without combustion. The 
leading positions are, that light is originally an ingredient of combustibles, 
and heat of oxygen. As the author completely establishes the &cts on 
which his reasoning rests, there can probably be only one plausible ob« 
jection urged against it. Why is not the caloric of the oxygen separated 
rAkcn that gas combines with bodies destitute of light ? It is incontroverti* 
ble that caloric is emitted on many occasions, when no light afftart with 
it. However, should it be a fiict that the matter of light is chemically 
combined with all bodies which emit heat, though it does not fly off 
until the heat becomes great, a thing which is not improbable. Dr. Thorn* 
son's theory will seem to be established; and thus not only complete the 
theory of Lavoisier, but afford an easy solution to some phenomena which 
have been thought inconsistent with that theory. . 

Still it must be acknowledged that this b a very obscure subject; 
the reader would, therefore, do well, before he forms a decisive opinion, to 
trace the progressive improvement of the theory in the hands of Boyle* 
Hooke, Mavow, Beccher, Stahl, Schc^le, Kirwan, Black, Crawford, La- 
voisier, FrugnatcUi, and Thoirsrn; with a view ta which he may ad- 
vantageously consult the article Combustion in Dr. Gregory*!* Encyclo- 
paedia, and in the Supplement to theE icyclo]-edi'^Britanr>ica; Ro'>isoii's 
^^^SiJLife of Dr. Black ; the Edinburgh Review, No. 5 ; Nicnolson*s Journal, 
'N. S. vol. ii/; Nicholson's Chemistry} and Thomson's Chemistry. Tn. 
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m. ON WATER. 



In the exposition which we have hitherto made of the 
general properties of bodies, we have confined ourselves 
to the citation of some examples drawn from those which 
manifest siich properties in a more perceptible manner. 
We shall proceed to con^der in succession certain liquids^ 
or certain particular fluids which have a remarkable in- 
fluence in the phenomena of nature. 

The first is water, which we shall consider, first in its 
ordinary state, which is that of liquidity, then in that of 
ice, afterwards in that of vapours, which are the extremes 
between which are found the liquid water. 



w 

I . On fFattr in the State of Liquidity. 

170. The principal physical properties of liquid water 
are these; namely, that it is insipid, inodorous, transpa- 
rent, without colour, and susceptible of moistening the 
greater part of bodies that are placed in contact with it. 

171. All the world knows with what abundance this 
liquid is disused in nature, and how diversified are the 
fnnetions which it exercises. Collected in immense 
masses in the basins of seas, carried along with a pro- 
gressive motion over the bed of streams and of rivers, it 
serves as a vehicle for ships and difi!erent kinds of vessels, 
to establish, by voyages undertaken for commercial and 
c^er purposes, a communication between the people of 
idifferent countries. By its impulsion it becotnes the 
mover of a multitude of machines as useful as ingenious; 
and if man have at hb disposal a power superior still to 
that which acts in this case^ he owes it tp the same liquid 
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converted into vapours. Water is the element in which 
an infinitude of organised beings live ; it supplies drink to 
man and to the animals that people the earth and the air \ 
it is one of the principal agents of vegetation ; it is in its 
womb that are formed a multitude of minerals^ and those 
precious metallic substances to which human industry 
seems to have given a n^w existence by perfecting them 
for our use. 

172. Water was regarded during a long time as a simple 
substance ; and under this relation the ancient philoso. 
phers reckoned it one of the four elements that constitute 
all the bodies in nature \ namely, earth, water, air, and 
fire. This opinion, though distant from truth, had this 
seducing quality, that it made to concur in the formation . 
of all other beings, those which exist the most generally in 
the universe ; which, occupying as it were so many distinct 
domains, the one in the celestial spaces, the three others 
in the region inhabited by man, are nevertheless always 
hplding intercourse one with the other and with the rest 
of nature; which, finally, seemed the only fixed and un- 
alterable beings in the midst of alternatives which cause 
an incessant variation in the scene of animals, of plantSf^ 
and of minerals. 

The modern chemistry has substituted for these systems 
originating in abstract considerations theories founded 
upon facts ; and among the latter, one of the most remark- 
able is the decomposition into oxygen and hydrogen of 
this same liquid jv^hich had been ranked among the ele- 
mentary substances. We limit ourselves to the indication 
of this result, the detail of which does not enter into our 
plan (z). 

173. Rain water is that which approaches nearest i0 
the state of purity. Chaptal has observed that the water 

{%) Th':' inquisitive reader, however, may find it in the article chemisiryy 
in the Sup. Ency. Britan., together wilh the two kinds of proofs that water 
li actually a compound; those arising from its having been really com- 
posed and decomposed. Tr. 
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which accompanies storms is more mingled than that of a 
gentle rain, and that this latter becomes more pure in 
proportion to its duration *. The water which washes 
the surfa(;e of the giobe> or flows within it| is always 
charged with heterogeneous substances. It is known that 
that of the sea and of many fountains contains more or 
less abundantly a salt which is drawn from it by evapora- 
tion, and which is known under the name of sea-salt (mu- 
riat of soda, or sal gem). Those are called mmeraUiuaters 
which contain different saline, metallic, or other sub- 
stances j they are employed successfully in the treatment 
of various maladies: they borrow from the substances 
united with them a particular savour, and sometimes a 
peculiar odour. With respect to river water, it holds in 
solution various stony matters, and particularly calcareous 
particles ; and that which runs along in the bowels of tbe 
earth forms incrustations of the same moleculx, sometimes 
in the interior of the canals that receive them, at others 
about such organised bodies as are immersed in them. 

174. It has been attempted to compress water by em- 
ploying a very great force, but without effect ; and this 
projperty of being incompressible as to sense is general for 
all liquids. One of the experiments which have served 
to shew this, with respect to water, consists in charging 
that liquid with a column of mercury, by employing a 
l^ent tube in form of a syphon, the shortest branch of 
which is closed at its superior part, and contains water at 
the same time that the longest branch is occupied by the 
mercury which presses the surface of the water. The 
column formed by this latter fluid was not shortened by 
the smallest perceptible quantity, even when that of the 
mercury was 227 centimeters or about 7 feet high, in 
which case it exerted upon the w?ter an effort triple of 
that of /4 column of water 3S feet high. There is, not- 
withstandingy'reason to presume that water is really com- 

* Elements of Chemistry, Vol. I. 
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pressibl^, but ii| an inappreciable degree, at least by the 
efforts which have b^^^ hitherto employed to condense 
it; for thp faculty which it possesses of transmitting 
sounds proves that it is elastic, and this equality necess^ 
rily supposes compressibility (aj. 



Qn Hygrometry, 



175. The observation of various j}henomena produced 
by that which is called humidity ^ has given birth to a new 
branch of physics bearing the name of hygrometry. We 
shall proceed to exhibit the principles relative to the gene- 
ral theory of these phenomena, and shall then describe the 
hygrom^ery or the instrument employed to measure th^ 
humidity of the air*^ 

176. All bodies that are susceptible of imbibing water, 
have a greater or less disposition (o unite themselves with 
that fluid, by the effect of an attraction similar to chemical 
affinity, joined to the texture of their parts^^ and to other 
circumstance* 

If we plunge into water several of these bodiest 
such as wood, a sponge, paper, &c., they will appropriate 
|o themselves a quantity of that licjuid, which will vanf 

(a) It is rather vingiilar that, excepting the AhH Monge%t who made • 
attmber of similar experiments to those of Mr. Cantoft, an^ ob^iqed like 
fesults, scarcely ai^y of the continenul philosophers fhpuld r^ler to tlw 
labours of our ingenious countryman relatiye to the compressibility of 
water. Mr. Canton, after having proved that water is really pompressible^ 
found by repealed trials that in a temperature of 50<» on Fahrenheit*! 
•cale, and when the mercury ^as at its mean height in the baibmeter* 
the yrater expanded one part in 21740; and was as n[l^ch compressed by 
the lyeight ef an additional atmosphere ; pf the con^pression of water by 
twice ^e weight of the atmosphere was one part in 10870 of its whoitt 
bulk. He also found that water was more compressible in winter than 
in summer; but the C0I^Iiary with respect to spirit of wine, and oil of 
olives. Hence it would seem that the experiments of which M. Hatty 
speaks, were not conducted with sufficient accuracy and circurospeq*^ 
tion. Tr. ' V 
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with the bodies respectively; and as in proportum as iHmj 
fend towards the point of saturation their affinity fer tbr 
water continues to diminishy when those which have moat 
powerfully attracted the water have arrived at the poiast 
where their attractive force is found solely equal to diat 
of the body which acted most feebly upon the same 
fiquidj there will be established a species of equilibrium 
between all those bodies^ in such manner that at this temi 
(he imbibition will be stopped. 

Here then we see that there is a parity between the nmi* 
Her in which bodies absorb caloricy and that in which 
they imbibe water; that the principal condition which de- 
termines the equilibrium is alike in bolbf and that it de- 
pends on the different capacities of the bodies far cht 
fluid which heats them, or for that which moistens then. 

If there be brought into conuct two wetted or soaked 
bodies, whose affinities for water are not in equilifario; 
that whose affinity is the weakest will yield of its fluid to 
the other, until the equilibrium is established; and it is 
in this disposition of a body to moisten another body that 
touches it J that what is called tumidity properly consists* 

177« Of all bodies, the air is that of which we are most 
interested to know the different degrees of htimidity, and 
k is also towards the means of procuring this knowledge 
that philosophers have principally directed their researches; 
hence the various kinds of instruments that have bees 
contrived to measure the humidity of the air. 

178. A multitude of bodies are known in which the hu» 
midity, in proportion as it augments or diminishes, occa* 
sions diverse degrees of dilatation or of contraction, ac- 
cording as the body is inclined to one or other of these 
^effects, by reason of its organisation, of its texture, or of 
flie disposition of the fibres of which it u the asMmblage* 
For example, water by introducing itself within cords 
makes the fibres twist and become situated obliquely, pro- 
duces between those fibres such a separation as causes the 
cord to thicken of tm^ and^ by a necessary consequence. 
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to diorten. T|ie twisted threads of which cloths are fa- 
bricated, may be considered as small cords which expe* 
rience in like mamier a contraction by the action of hu« 
nudity; whence it happens that cloths, especially when 
wetted for the first time, contract in the two directions 
of their intersecting threads; paper, on the contrary, 
which is only an assemblage of filaments very thin, very 
short, and disposed irregularly in all directions, lengthens 
in all the dimensions of its surface, in proportion as the 
water,\by insinuating itself between the intervals of those 
same filaments, acts by placing them farther asunder, pro- 
ceeding from the middle towards the edges. 

179. Different bodies have been employed successively 
in the construction of thermometers, chosen firom among 
those in which humidity produces the most sensible motions* 
Philosophers have sought also to measure the humidity of 
the air by the augmentation of weight undergone by cer- 
tain substances, such as a tuft of wool, or salt, by absorb- 
ing the water contained in the air. 

But, besides that these methods were in themselves 
very imperfect, the bodies employed were subject to al- 
terations which would make them lose their hygrometric 
quality more or less promptly; they had, therefore, the 
double inconvenience of being inaccurate, and not being 
of long service. 

180. To deduce from hygrometry real advantages, it 
must be put in a state of rivalry with thermometry, by 
presenting a series of exact observations, such as may be 
comparable in the different hygrometers. 

The celebrated Saussiure, to whom we are indebted for 
a very estimable work on hygrometry, has attained tbe 
accomplishment of this object by a process of which- we 
shall attempt to give some idea. 

The principal pieqe in this hygrometer is a hair, which 
Saussure first causes to undergo a preparation, the design 
of which is to divest it of a kind of oiliness that is natural to 
ht but that secures it to a certain point, from the action 
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of humidity. This preparation is made at the same time 
upon a certain number of hairs forming a tuft, the thick-* 
ness of which need not exceed that of a writing pen, and 
contained in a fine cloth serving them for a case. The 

hairs thus enveloped are immersed in a long-necked phial 
full of water, which holds in solution nearly a hundredth 
part of its weight of sulphat of soda, making this water 
boil nearly 30 minutes; the hairs are then passed through 
two renewals of pure water, while they are boiling; after- 
wards they are drawn firom their wrapper, and separated ; 
then they are suspended to dry in the air ; after which 
there only remains to make choice of those which being 
the cleanest, softest, most brilliant, and most transparent^ 
deserve to be employed in preference. 

It is known that humidity lengthens the hair, and that 
the process of drying shortens it. To render both these 
effects more perceptible, Saussure attached one of the two 
ends of the hair to a fixed point, and the other to the cir- 
cumference of a little moveable cylinder, that carries at 
one of its extremities a light index or hand. The hair 
is bound by a counter weight of 16 centigrammes, or 
about 3 grains, suspended by a delicate silk, which is roll- 
ed in a contrary sense about the same cylinder. In pro- 
portion as the hair lengthens or shortens^ it causes the 
cylinder to turn in one or the other direction, and by a 
necessary consequence, the little index turns likewise* 
the movements of which are measured on the circum- 
ference of a graduated circle, about whi^h the index per- 
forms its revolution as in common clocks. In this manner 
a very small variation in the length of the hair becomes 
perceptible by the much more considerable motion that it 
occasions in the extremity of the index ; and it will be 
easily conceived that equal degrees of expansion or of 
contraction in the Kair, answer to equal arcs described by 
the extremity of the Index. 

To give to the scale such^^ hasb as may establish a re- 
lation between all the hygrometers that are constructed 
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from the same principles, Saussure assumes two fixed 
terms, one of which is the extreme of humidity, and the 
other that of siccity : he determines the first by placing 
ihe hygrometer under a glass receiver, the whole interior 
surface of which he had completely moistened with water; 
the air being saturated by this water acts by its humidity 
upon the hair to lengthen it. He moistened anew the 
interior of the receiver as often as it was necessary ; and 
he knew that the term of extreme humidity was attained, 
when by a longer continuance under the receiver the hair 
ceased to extend itself. 

To obtain the contrary limit of extreme siccity, the 
same philosopher made use of a hot and well-dried re- 
ceiver, under which he included the hygrometer with a 
piece of iron plate likewise heated and covered with a 
Jixed alkali. This salt, by exercising its absorbent faculty 
upon the remaining humidity in the surrounding air, 
causes the hair to contract itself until it has attained the 
ultimate limit of its contraction. 

The scale of the instrument is divided into a hundred 
degrees. The zero indicates the limit of extreme sic- 
city, and the number 100 that of extreme humidity. The 
inventor was aware of the advantages of the decimal di- 
vision, and did not hesitate to adopt it. 

The effects of moisture and of dryness upon the hair 
are modified by those of heat, which acts upon it, some- 
times in the same sense, and sometimes in a contrary one; 
so that, if it be supposed, for example, that the air is heated 
about the hygrometer, on one part, this air whose dis- 
solving faculty with regard to the water will be augmented, 
(aswe shall explain in the sequel), will take away from the 
hair a portion of the water which it had imbibed, thus 
tending to shorten the hair-, while, on the other part, the 
beat, by penetrating it, will tend, though much more 
feebly, to lengthen it ; and hence the total effect will be 
fbynd complicated of two partial and contrary effects, the 
one bygrometric, the other pyrotnetric. In observation* 
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wliich require a certain precinon, it is therefore necessary 
to consult the thermometer at the same time with the hy« 
grometer ; and on this accomit the inventor has constmct* 
ed from observation a table of correction, niiich will put 
it in the power of philosophers always to disentangle the 
principal effect, or the degree of humidity of the aifj 
from the accessory effect produced by the heat. 

181. Delucj who devoted his attention to the same ob» 
ject, has followed a different method. Thb philosopher 
employed for the construction of his hygrometers a very 
thin slip of whalebone, which performs the same oflk^ as 
the hsur in the hygrometer of Saussure. He kept this 
whalebone bent by means of a spring, the action of which 
he preferred to that of a weight : he determined the de* 
gree of extreme huipidity by immersing the slip of whale* 
bone entirely under water; and to fix the opposite limits 
which is that of extreme siccity, he made use of calcined 
lime, which he enclosed with the hygrometer under s 
glass beU. The choice of this substance b founded on 
this, that the calcination having produced a higher degree 
of dryness, if it be afterward left to cool so fiur that it may 
be placed without inconvenience under the j^sss bell de-^ 
stined for the experiment, it will be still feuad, as to sense, 
in the same state of dryness, since it u very slow in acquir- 
ing humidity ; and thus all its absorbent ficutty will be 
employed to dry up, by little and little, the aircontuned 
under the receiver, and to make the hygrometer itsdf 
pass to a state which approaches the nearest possible to 
extreme siccity (b). 

1 82. The hygrometer has been long neglected in me* 
teorological observations ; it is necessary to associate iritk 
\t the thermometer and the barometer to be in a state to 

(&) Tht esnyi ea thb tut^ect bjr M If . Dclae lad Stawiife, w«tr a 
fMmuoTenuil tspccL Ddiic's papcn may be tccn in the Phiknyhicil 
TMnsaedoasy Tok. 0S» and %L, and in his ** Idaet tor hi Mmotniaiftt,** 
vot 1. an. 17SO. Sausiuia't aia In hit *< Banis rar rHygronetrli^'' aa^ 
171^ S and '* Defcaea of tht Hair HfsioiCMi,** sa. t7SS. Ti^ 



unravel the complication of diifferent causes which in$u- 
.eace the variations of the atmosphere; and It is only hjT 
the aid of a long series of observations, made by the con- 
course. ,of these v^ious instruments, togtJier with all the 
indications whi(;h are deduced from the -:atc of ihe hea- 
¥ens>.tlia|,we.can obtain such data as vrill enable us to pro- 
gnosticate with great probability the temporary changes, 
jtfxd. to arrive, at a plausible tiieory upon this object so in- 
teresting, and so natju-ally calculated to excite our curiosi- 
ty. We exist in a continual dependance upon the atmo- 
^here, .^md upon the timely alternatives of serene and 
rainy days, for the labours of agriculture, for our voyage?, 
.for oar vaj^ious enterprizes, and even for our festivities. 
.We shall, therefore, find the useful blended with the 
agreeable, in an art which would put it in our power to 
take precautions against what we apprehend, and to en- 
joy by well-founded anticipation that which excites our 
..hopes. . 

On Capillary Tubes. 

18S. The phenomena of capillary tubes are connected, 
to a certain point, with those of hygrometers, by the re- 
spective analogy existing between the producing causes 
of both. We shall attempt to clear up the species of pa- 
: radox which they present, in so far as they seem to furnish 
an exception to the ordinary laws of hydrostatics.- 

If we plunge into water a tube open at both extremities 
whose interior diameter has a certain extent, the level will 
still exist the same within as without the tube; but if the 
tube is capillary^ that is to say, if its cavity represents a 
cylinder thin enough to be compared to a hair, at the mo- 
ment of immersion the water will shoot forwards within 
it, and will there remain suspended at an altitude very 
perceptibly above the level of the exterior water. 

We might proceed to conceive the experiment made 
in one of the cases where the phenomena are the most 
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striking; but these phenomena are subjected to the law 
of continuity, and make their progress by imperceptible 
vmations, as others do (c). In tubes of an ordinary dia- 
meter, the upper surface of the interior water forms a 
little concavity, the borders of which are elevated a little 
above the level, by applying themselves against the glass. 
If tube^ are employed always more and more narrow, there 
will soon be found a term where the axis of the column 

^'will vidbly jut beyond the level ; and this effect will be 
always increasing, in proporiion as the diameter of the 

^tube shall be smaller. 



(c) The Law cf Continuity it a term which*, though tt be frequently 
employed by the continental philosophers, has as yet been seldom adopt- 
ed in England : it will not therefore be improper to define it in this plaoe^ 
•nd to present the reader with what has been thought the bestdemonstrif- 
tion of its unirersality. The law of cotttinuiiy is that 6y which oari4iMft 
fuaniitiu pauing from one magnitude to anotherfpa** through all the inter* 
mediate magniiudeSf without ever paving over any of them abruptly. Many 
phikMophers and metaphysicians have asserted the probable conformity of 
natiml opeiations to this law; but Father Boscovich goes iarthert and 
proves tiMt the law is universal. Hius we see that the distances of two 
bodies can never be changed without their passing through all the in- 
cennediate distances. We see the planets laove each with different velo- 
cities and directieos in the several parts of its orbit; but still observing 
the law of continuity. In heavy bodies projected the velocity increases 
and decreases through all the intermediate velocities : and the samt hap- 
pens with regard to electricity and ijMgnetism. No body becomes mqotc 
or lets dense without passing through the intermediate densities. The 
light of the day increases in the morning and decreases at night, through 
aU the tntermediaie possible degrees. And thus, if we go through nature 
we shall, if all things be rightly contemplated, see the law of continuity 
strictly to take place. We sometimes, it is true, make abrupt transitions in 
our minds; arwhen we compare the length of one day with that of another 
immediately following, and say that the latter is two or three minutes 
longer or shorter than the former, passing all at once, in the common 
way of speaking, completely round the globe; but if we consider the se- 
veral intervening longimdes, we shall find days of all the intermediate 
kngths. -Sometimes also we confound a quick motion with an instan- 
taneousrone: thus we arc apt to imagine that a ball is thrown abruptly 
oat of a gun when fired ; but, in truth, some space of time is re- 
quired for the gradual inflamtnation of the powder, the rareftction of 
the air, and the communication of motion to the boll. la like- man* 
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184. The law of the phenomena, as it is giren hf 
teperience, consists in this, that the same fluid is ele- 
cted in diilerent homogeneous tubes, to altitudes 
'which are in the inverse ratio of the diameters of those 
tubes. 

]S5. Observation shews, at the same time, that the 
heights to which different liquors are elevated in the 
iame tube are not proportional to the densities of 
those liquors ; alcohol, for example, does not rise so 
bigb as water. 

186. Mercury, on the contrary, b retained below 

wet alt the other appafietit objectionf to the law inty be tatitiicioffnf 
•olved. 

But however fordble this arsument from induction mu be^ Boteovich 
ttill (!arther» and maintains that a breach of this law, in the proper 
I, is metaphysically impossible. This argument he draws from the 
Tery nature of continuity. It is essential to continuity that, where 
part of the thing continued ends and another part begins, the Umit be < 
men to both. Thus, when a geometrical line is divided into two, an inidt- 
Visible point is the common limit of both: thus time is €9ntmMd; and 
IberefOre where one hour ends, another immediately begins, and the com- 
mon limit is an indivisible instant. Now, as all variations in variable 
iJUantities are accomplished in time, they all partake of its continuity ; and 
Hence none of them can hasten by an abrupt transition from one magni* 
tnde to another, without passing through the intermediate magnitudea* 
As we cannot pass from the sixth hour to the ninth without passing 
through the seventh, and eighth; because, if we did, there would be a 
common limit bee ween the sixth hour and the ninth, which is impossible; 
to likewise you cannot go from the distance to the distance o without 
jpassing through the distances 7 and 8; because, if you did, in the instant 
of passage yo^ would be both at the distance and at the distance 9» 
Which is impossible. In like manner, a body that is condensed or rare- 
ifed cannot pass from the density to the density 9, or vict versa, without 
passing through the densities 7 and 8; because, in the abrupt passage, 
there would be two densities, 6 and 9, in the same instant. The body 
aiir;t pass through all the intermediate densities. This it may do quickly 
•r slowly, but still it must evidently pass through them all. The like 
may be said of all variable quantities; and thence we may conclude that 
the law of continuity is universal. 

The, most prominent objections to this law are answered in the abls 
view of Boscovich's Phil^svphy^ given in vol. I. Supplement Encyclopttdi^^ 
MrUmnica, Ta. 
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the level, and its depression is in tlie inverse ratio of 
the diameter of tl*i tube. But these eli'ects suj>poso 
that the tube was taken in tiie state it was naturally 
presented; for we shall shew presently, that by means 
of certain precautions we may produce a like elevation 
of the mercury above the level. 

187. Finally, if the interior of the tube be coated 
over with a layer of greasy matter, such as oil or tal- 
low, the same effects will cease to have place, and the 
fluid will retain its level. 

188. The explication of these phenomena has strong- 
ly exercised the sagacity of pliilosophers. Some have 
attempted' to assign a reason, by supposing that the 
air can only introduce itself into the tube with diffi* 
culty and in small quantities, exerting upon the inte- 
rior column a less pressure than that of the surround- 
ing air upon the exterior liquid ; and if it were 
objected to them that the same effects take place in a 
vacuum, they would reply that, as a perfect vacuum 
can never be made, the air which remained under the 
receive in all the exterior parts of the tube retains 
the same ratio with the interior air, the inequality of 
pressure and the resulting difference of level ought 
stilJ to subsist: others have had recourse to a subtile 
fluid to explain the phenomena, and the opinions were 
divided anew respecting the manner of action of that 
fluid. According to some, its parts were of a globular 
form, which would not permit them to arrange them- 
selves exactly in a tube of a small diameter, to exert 
upon the column which occupied that tube a pressure 
equal to that which the exterior colomns would expe- 
rience on the part of the same fluid: according to 
others, the subtile matter would form little vortices, 
whose moleculsB having a circular motion in the planes 
that passed through the axis of the tube, and coming 
to rencounter the interior orifice, would compel the 
i^oluom included in the tube to move upward* 

VOL. z. M 
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A single consideration will^.suffice to overthrow all 
these hypotheses : which is, that tfte heights to which 
different liquors rise in the same tube, are not propor- 
tional to the densities of those liquors, which should^ 
however, be the case in these hypotheses, since the 
subtile fluid which would produce the phenomena, in 
whatever manner it acted, ought most to favour the 
elevation of the least dense liquids, they being less 
susceptible of opposing its action. 

Thus philosophers agitated themselves uselessly to 
find in exterior and invisible agents the true cause of 
the phenomena ; while that cause existed even in the 
tube they had in their hands, and depended upon that 
species of attraction which has been denoted by the 
name of attraction at small distances. 

189. Newton, after having found in universal gra- 
vitation the principle of the celestial motions, and of 
the phenomena where nature acts at large uponmasses, 
sometimes separated by immense intervals (49), bad 
observed also the effects of a certain attraction which 
only acted near to contact, and from particle to par- 
ticle. The chemists, who have had continually under 
their eyes examples of the actions of this force in the 
composition and decomposition of bodies, have adopted 
it under the name of affinity. The philosophers have 
been more tardy in tracing it as to its other effects, 
where tlie substances solicited by them retain th^ir 
natural state,^a circumstance which takes place with 
re^^ard to the phenomena of capillary tubes. They 
chose rather to attribute these e.fiRScts to the pressure 
of some effluvia, or to some vortex of subtile matter, 
which presented itself under the specious appearance 
of a mechanical cause, but which the phenomena 
would always contradict in some particular, though 
the contriver of the theory had the power of adapting 
it beforehand, and of modifying it at pleasure. This 
was, as it were, the ultimate refuge of vortices, which. 
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after Laving beep banished from the celestial regions^ 
sought shelter and support in the nooks of nature, 
where attraction, reproduced under another form, agaia 
disputed the place with them. This attraction was 
compared with the former ; and as it seemed to differ 
by its manner of acting, by reason of the distances, 
besides that it was modified according to the diversity 
of circumstances in which it acted ; the philosophers 
who adopted it were accused of multiplying causes 
arbitrarily, and of conceiving as many particular at- 
tractions as there were presented new facts to explain. 
But an attentive examination would suffice to render 
'manifest that, even supposing this attraction may be 
distinguished from universal gravitation, it is not less 
a force nnique in its kind, which extends itself to 
a numerous class of phenomena, whose diversities de- 
pend on those which exist between the bodies on wliich 
its action is exerted. Newton remarked that this force 
once admitted, the whole of nature became simple and 
of especial accordance with itself; while physical 
astronomy on one part, and ordinary physics on the 
other, bad each its attraction ; and separated between 
these two forces, tlje explication of motions, which 
from afar strike our notice, and of those which require 
to be pursued near at hand. But probably even this 
was not saying enough, since by the aid of a plausible 
hypothesis, of which we have spoken in a preceding 
part of this treatise (^o)^ we attain a farther simplifi- 
cation of the picture by referring these two attractions 
to one only. 

190. To return now to the phenomena of capillary 
tubes, it is not difficult to conceive at first sight, by 
obvious reasoning, how a liquid becomes elevated 
above its level, though in tubes of a greater diameter, 
it remains, as to sense, at the same height as the sur- 
rounding liquid ; respecting which it is necessary to 

M 2 
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observe, that the attraction of the tube, which is 6n1y 
perceptible near the state of contact, acts only tipom 
the almost infinitely thin annulus of liquid which ad- 
heres, under the form of a hollow cylinder, to its inte- 
rior surface. The moleculae of this stratum then act 
by their proper attraction upon thpse of the second, 
and thus from one to another unto the moleculsc which 
Correspond with the axis of the column. 

But, the narrower the tube the more its curvature 
returns upon itself; whence it follows that the mole* 
culsB exert upon the liquid more concentrated actions; 
insomuch that if we suppose a particle off this liquid 
placed at the same distance from an attracting point 
taken upon the curve surfaces of two different tubes^ 
the little arc of which this point will occupy the mid- 
dle in the narrowest tube, being more inflected to- 
wards the same particle, will act upon it by attractions 
nearer to contact: whence it appears that there may 
be a term of contraction in breadth, where the attrac- 
tion of the tube becomes capable of holding the liqiiid 
suspended to a sensible height : by a necessary conse- 
quence the mutual attractions of the concentric strata 
which proceed from the surface to the axis, would 
result from a higher degree of force in a narrower 
tube; they would diminish more slowly; and lastly, 
they would have to go over a less number of decreas- 
ing degrees, between the surface and the axis : whence 
it results that their total effect will be so much more 
considerable. 

191. Many philosophers who have ascribed to at- 
traction the effects of capillary tubes, have believed 
they were able to demonstrate rigorously the inverse 
ratio between the height and the diameter of the co- 
lumn when different tubes are plunged in the same li- 
quid^. Jurin, who has made a series of interesting 
experiments on the phenomena under consideration 
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fd)j attributes the suspension of the liquid to tha 
action of the annulus of glass situated iuinicdiately 
above the column of the liquid. Other philosophers 
think that the same effect arises, on the contrary, 
from the annulus which terminates the tube at bottom, 
supposing that the orifice of this tube were contiguous 
to the surface of the water. Now, by combining the 
force of the attracting annulus with the quantity of 
the liquid which is elevated in the tube, we might 
attain a result which would accord sufficiently well 
with observation. For example, in the second hypo- 
thesis, the attractions of the tubes were as the circum- 
ferences of those tubes, or, which comes to the same, as 
tlieir diameters; but tliey were at the same time as the 
weights of the cylinders of liquid suspended (above 
the level) in the tubes, that is to say, as the squares 
of the diameters multiplied into the altitudes, which 
gives the inverse ratio between the diameter and the 
height*. 

' 192. The truth is that when the elevation of the same 
liquid in two different tubes is compared, the attraction 
of each surface is the result of all the particular attrac- 
tions exercised by the different particles of the glass 
vpon all those of the liquids which are at distances 
sufficiently small to suffer the effect of those attrac- 
tions. This is the remark of Clairault, in his excellent 
work on the figure of the earth (pa. 105, et. seq.*), 
ivbere that illustrious mathematician treats the question 
of capillary tubes, according to the general laws of 
hydrostatics, by causing to enter as elements, into the 



(<t) Dr. Jtirin's account of his experiments, and his enquiry into the 
of_ capillary attraction, were published in No. 355 of the Philoso* 
phical Transactions. See also New Abridgement of Phil. Trans, vol, VL 

|HU 330. Tr. 

* Let D, d, be the diameters, and h, fc, the heights. We have, by the hy- 
pothesis, J>:iI::n*XR:<'*Xft; whence we deduce </ d' h = o d> A, or 
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expression of the force which holds the fluid sus- 
pended , the different actions that concur in the pro- 
duction of the effect. 

We shall attempt to give an idea of the method by 
which he was enabled to express generally this con- 
course of combined actions. 

Let ABCDEFGH (fig. 21. pi. III.) be a section of 
a capillary tube, made by a plane passing through the 
axis, MNP the upper surface of the water in which it 
is plunged, iz the height to which that liquid is ele- 
vated in the tube, viz the little concavity which forms 
its upper surface, by the effect of the attraction: let 
us conceive, in the place of the axis of the tube, an in^ 
definitely thin column i k, the inferior, extremity of 
which K is out of the sphere of sensible activity of the 
tube, and assume, in like manner, in the surroundings 
water, a column* m l also situated vertically, at such a 
distance from the tube that the latter cannot act upon 
any of its particles: finally, let us imagine that there 
is a little horizontal canal l k establishing a communi- 
cation between the two vertical columns. The object 
of the problem is to enquire whether, by combining 
the different forces that solicit these two columns, 
there can be obtained any possible case of equilibrium 
between the one and the other. 

Now, the exterior column m l is solicited by two 
different forces: one of these is the force of gravity 
which acts through the whole extent of the column ; 
the other is the reciprocal attraction of the moleculae 
which acts the same in all the points of the column, 
but which only exhibit their effect towards the ex- 
tremity M. * To represent the element of this action, 
suppose a ])article ^, situated in the column at a less 
distance from the surface or level of the water than 
that where the attraction of the liquid generally termi- 
nates^, and conceive another plane m n below, parallel 
to the level, and at the same distance from the particle 



Capillary Tubes. 167 

e: it is manifest that this particle ^ill be equally 
attracted upwards and downwards by the water com- 
prised between the two planes m n, ?n 72, since there is 
an equahty between the quantities of the hquid situ* 
ated on both sides. But the water which is below th» 
inferior plane m n^ whose action is not balanced by any 
other, will draw the particle towards it, and this effect 
"wHl have place as far as the distance where the attrac* 
tion becomes a nullity. 

Now, if we would consider tlie forces that solicit the 
other column i k taken in the place of the tube's axis, 
vre have, first, the force of gravity, wiiich acts also 
through all the extent of this column : with regard to 
the other forces, wc must distinguish between those 
which relate to the superior part of the column^ 
and those which regard the part in the vicinity of the 
inferior extremity of the tube. 

But towards the upper part there are two forces 
"which act; namely, the attraction of the tube upon 
the moleculae of the water,, and the reciprocal attrac* 
tion of those moleculse* Now the tube being supposed 
of an indefinite length by its part elevated above the 
water, and its inferior extremity c d c h being at a 
distance firom the aqueous moleculae near to the point 
I much greater than that to which the attraction of the 
glass can extend, every particle situated at the same 
point is as much drawn upwards as downwards by the 
force of the tube ; and hence we may drop the consi- 
deration of that force. In order to estimate the re- 
ciprocal attraction of the aqueous particles, let a 
horizontal plane v x be drawn so as to touch the little 
concavity formed by the upper surface of the water in 
the tube : this done, a particle p, situated infinitely 
near to 1, is attracted by all the moleculee that are situ« 
ated above v x at a suitable distance for the taking 
place of that attraction, and at the same time by all 
t^ie moleculse situated below v x, which are in the 
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same relative case; but since the liquid forms a vacuity 
at its upper part, there will be on that side fewer 
attracting moleculae in a given space between two 
planes parallel to v x than in the lower part ; whenpe 
it follows, that the real force soliciting the particles 
situated towards the extremity i is exerted down- 
wards. 

It remains to consider what happens towards the in- 
ferior part o of the tube. Now, to estimate the value 
of the forces which act at that place, we must suppose 
that the tube has a prolongation down to the bottom 
of the vessel, formed of matter equal in density to the 
water; for this puts it in our power to take account of 
the action exerted by the surfiice of the water that 
forms a continuation of the interior surface of the tube. 
This granted, we may consider the actions experienced 
by two attracted moleculae r, q, one of which is situ- 
ated within the tube a little above its extremity, and 
the other out of the tube at the same distance below 
that extremity. It is, at first sight, evident that the 
actions exerted upon the moleculae situated in that 
place, by the water comprised between the sides b d, 
£ G, of the tube, and between the fictious prolongation 
of the same tube, mutuall}- destroy each other ; since 
the water extends itself about those moleculae much 
beyond the radius of its sphere of activity. We have 
only therefore to consider the action of the tube, and 
of its prolongation, upon each of the moleculae r, q* 
But, the first is drawn upwards by the superior parti- 
cles of the tube, from which that particle is more 
distant than from the inferior annulus of the same tube ; 
which we may conceive by applying here that which 
has been said with respect to the action of the liquid, 
that is to say, by supposing two planes c dg A, c d c H, 
which intercept on both sides the parts that are in 
equilibrio : now, the same particle is attracted down- 
wards, though more feebly, by the prolongation which 
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has been supposed of the tube; and it is the difference 
between the two actions which produces the real effect. 
On the other part, tlie particle q, situated below the 
extremity of the tube, is drawn upwards by the tube, 
and with the same force as the first particle, since by 
the hypothesis it is as far distant from the points t), g, 
situated at the beginning of the tube, as the particle r 
is from the points dj g^ where, with respect to it, the 
real attraction of the tube commences. But it is at- 
tracted in like manner downwards by the prolongation 
of the tube ; and the difference between tliese two 
actions is here again the same. Thus, by doubling it, 
we have the sum of the actions which are exerted 
towards the base of the tube ; these actions combined 
tvith those that relate to the superior part of the tube, 
and to that of gravitation which solicits the entire co- 
lumn, give the total expression which should be com- 
pared with that of the forces that act upon the exterior 
column. 

Now, though these expressions only represent in a 
general manner the intensities of the attractions and 
the functions of the distance, which are unknown ; it 
is nevertheless evident that there are an infinitude of 
possible laws of attraction, each of which will give a 
sensible quantity for the elevation above the level, 
when the diameter of the tube is very small; and, 
on the contrary, a quantity next to nothing for the 
case where the diameter is rather considerable; and 
among the same laws of attraction, we may select 
one w^hich gives the inverse ratio between the diameter 
of the tub^ and the altitude of the liquid (computing 
from the level) conformably to experience. 

The expression obtained by Clairault leads to this 
singular consequence, that even when the attraction of 
the capillary tube had an intensity less than that of the 
water, provided this intensity were not half as small^ 
the water would not cease to be raised. 
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193. With regard to the depression of the mercnry 
below its level when admitted into a capillary tube, it 
bas been supposed that it is occasioned by the circum- 
stance of the moleculae of that liquid metal being 
attracted much more strongly towards one another 
than they were attracted by the tube; for, on this 
hypothesis, we ought in fact to have effects contrary 
to those which take place with respect to ordinary 
liquids. 

But the experiments made at Metz by Profcjssor 
Casbois prove that when the tube and the mercury are 
both perfectly dry, the metal rises above its level in 
the same manner as aqueous liquids. This philosopher 
luted together two glass tubes, one of which, that had 
a sensible diameter, and a length of about three inobes, 
was closed at one of its extremities; the other ex- 
tremity, which was open, communicated with a capil- 
lary tube of about ^ of a line in diameter, and S6 
inches long. The aggregate of the two tubes waf 
curved at the place of their junction, as in the syphon, 
and the capillary tube was turned towards its ex* 
tremity, which carried a reservoir in form of an open 
ball, as in many common barometers. The whole was 
filled with mercury, which had been boiled several 
times to free it, as far as possible, from its humidity. 
Then, having so disposed the tubes that the capillary 
branch was situated vertically, and that the part which 
carried the reservoir was turned towards the bottom, 
the mercury was seen to descend nearly to 28 French 
inches in the capillary branch. By means of the blow* 
pipe and enameller's lamp the portion which exceeded 
SO French inches was detached from that branch ; and 
the extremity of such portion, as well as that of the 
branch from which it had been separated, was sealed 
hermetically by the same operation. Thus there was, 
on one part, a capillary barometer, and on the other 
a syphon composed of a thick branch and of a capillary 
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one, both sealed at their extremity : and as a part of 
the mercury remained suspended in the thick branch 
while the rest descended in the capillary barometer 
to the altitude of 28 French inches, afterwards, when 
this syphon was situated in such manner ttiat its con- 
vexity was directed towards the earth, the mercury was 
elevated at the same time in both branches. 

Now, on comparing the capillary barometer with 
other barometers, it was remarked that the mercury in 
it was retained two or three lines the highest; and with 
regard to the syphon, the height of the column of mer« 
cury which occupied the capillary branch exceeded by 
the same quantity that of the corresponding column^. 

It appears from these experiments that the depression 
of the mercury below the level in the ordinary case, is 
the effect of a little moist film which attaches itself to 
the interior surface of the tube, and whose interposition 
suffices to weaken perceptibly the attractive virtue of 
the glass with regard to the mercury, and to render 
preponderant the mutual affinity of the particles of that 
metal. When that humidity is suppressed, the mer* 
cary (so far as relates to capillary attractions) returns 
into the analogy of other liquors. Even they have 
likewise their case of exception, which is that where 
the interior of the tube is done over with a coat of oily 
matter, which prevents the liquid from attaining a 
sufficiently great proximity with the glass, and having, 
of itself, only a very small action upon the liquid, de« 
stroys the influence of the tube in disturbing the effect 
of the ordinary laws of hydrostatics. 

1 94. By carrying to the extreme the dryness of the 
mercury, and that of the tube which contains it, baro- 
meters may be procured in which the column of mer- 
cury will be terminated at top by a plane face* La. 

'^ Diotionnaire Encyclopedique, supplement, ton. IV. pa. Q81* 
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place and Lavoisier haye constructed such barometers, 
and have even been able to render thfe upper surface 
of the mercury concave ; but they did not regard these 
instruments as more perfect than the usual barometers; 
because though, on one hand, the dryness gave an 
advantage to the pressure of the atmosphere, by sup- 
pressing the contrary action of the little vapour which 
is commonly formed above the mercury, on the other 
hand, the excess of adherence which this liquid con- 
tracted with the glass diminished the mobility of the 
column ; so that it was necessary to shake the baro- 
meter to cause the effect of such adherence to dis- / 
appear; and thus it was doing nothing else than sub- 
stituting a constraint of a new species for that from 
which the instrument had been freed. 

We have said (185) that the heights to which dif- 
ferent liquors are elevated in the same tube do nc^ 
conform to the ratio of the densities ; and it is easy to 
conceive the reason of this, at least generally, when 
the phenomenon is attributed to attraction, since that 
force varies according to the form and the disposition 
of the moleculae, to the figure of the pores, and other 
circumstances which may determine a greater intensity 
of attraction, relatively to liquids of a less specific 
gravity. 

195. It has been attempted to compare the heights 
to which different fluids were elevated in the same 
tube w^ith the diameter of that tube. The results 
given as to this object by different philosophers vary 
sensibly from one another; which probably arises from 
the different compositions of the glass employed in the 
experiments: yet they have this in common, that the 
heights of the columns above the level are not pro- 
portional to the densities. In the experiments made 
by Muschenbroek with a glass tube composed of 
lead and flint, having a length of 1 inches Rhinland 
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m^sure*, and an interior diameter of -jV of an inch, 
water rose to ISf lines above its level, red-wine to 8J- 
lines, and alcohol to 6 lines. 

Ne\f ton has cited an experiment made by means of 
two plates of glass placed parallel to each other, at the 
distance of about -^^ of an inch, London measure, be- 
tween which the water rose to an inch above its level in 
the reservoir. 

1 96. The two plates of glass may be so placed as to 
form between them a very acute angle : then if we plunge 
them in water in such a manner that the line of junction 
be perpendicular to the surface of the liquid, it will be 
4Been to rise suddenly between the two plates, and form a 
curve which will turn its convexity towards the line of 
junction, and will pass through the extremities of the dif- 
ferent heights to which the liquid ought to be elevated, 
in proportion as the interval between the two glass plates 
diminishes. Now, it is easy to conceive that this curve 
ought to be a hyperbola {e). Let a a x x (fig. 22) be one 
of the two surfaces contiguous to the interior faces of t)^ 
glass plates, a x being the line of junction of that same 
sor&ce with the horizontal surface of the water in which 
the plates are partly immersed, and b' x the curve formed 
by the most elevated points of the water comprised be- 



* The Rhinland foot is equal to 1 1| inches of the Paris standard foot, 
and the English foot about ii inches 3 lines of the same. Author. 

Indeed the English, Rhinland, and Paris feet are respectiYely as the 
numbers looo, 1023, and 1065. Tr. 

(•) Dr. Brook Taylor was the first who observed that tlie upper part of 
water rising by means of capillary attraction, between two planes inclined 
in a small angle (2^® in his experiment;, formed a hyperbolic curve. The 
perpendicular asymptote was, he says, exactly determined by the edge of 
the glass; but the borizonul one he could not so well discover. Neither 
Dr* Taylor nor Mr, Hauksbee, who observed the same thing, attempted 
tP demonstrate that the figure was actually a hyperbola. Sec Phil. Trans. 
No. 336. A. D. 1712, or New Abridgment, vol. v. pa. 706. Demonstra- 
tions, however, have found their way into all our late elementary b^oks 
•n Hydrostatics. Tr. 
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tween those plates. We may consider this water as an 
assemblage of an infinity of little cylinders, whose alti- 
tudes are the perpendiculars ^ x\ 1 1\ rr^yScc. drawnjfrom 
the line ax to meet the curve. Let z « at, (fig. 23.) be the 
inferior surface of the water included between the glass 
planes, in which case the line a x will be the same as in 
fig. 22. If we draw xZj tu, r Sj &c., (fig. 23) perpendi- 
cular to axy in such manner that the distances xt^ tr^ 
rOy &c., are equal to those in fig. 22. these perpendiculars 
may be -considered as the diameters of the bases of the 
little cylinders whose altitudes are the lines x x\ tt\ r r\ 
&c. But, from the law to which the phenomenop is 
subjected, the heights xxj tt\rY'y^c.y are in the in- 
verse ratio of the diameters xzjtuyrsj &c. (fig. 2S) of 
the bases; while those diameters are respectively as i^heir 
distances axy at^ ar, &c., from the point a : ther^or« 
the lines x x, tt\ r r\ &c., (fig. 22.) are also in the inverse 
ratio of the lines ax^ at^arj &c. Whence it follows 
that the curve V x \& a hyperbola whose asymptotes are 
the lines ax^ads so that the lines x Xy t t'y r r', &c., are 
the ordinates to the asymptote a Xy and the lines aXy aty 
a r, &c., the abscissas. This is a consequence of the in- 
verse ratio of which we have before spoken: and* the ex* 
periment is obviously interesting in so far as it generalises 
its object, and presents a geometrical expression of 
the phenomenon traced even by the liquid that pro- 
duces it (y). 

197. We may represent the effects of capillary tubes by 
another experiment very ea&y to perform. It consists in 
inclining one of those tubes, and letting fall upon its sur- 
face a drop of liquid ; then, re-adjusting the tube at the 



{f) The process of the reasoning would havfe been just the same, and 
it would have been more satisfactory because more consistent jvith fact, if 
the liquid elevated between the glass planes had been supposed constituted, 
not of a series of cylinders, but of an indefinite number of prismatic co- 
lumns whose bases are similar trapezoids gradually augmenting from « 
towards x. Tr, 
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moment when that drop, carried on by its weight, 
has arrived at the inferior orifice; it will be seen 
to run through that orifice into the interior of the 
tube. 

This experiment, which presents the phenomenon dii- 
^ngaged as much as possible from the laws of Hydrostatics, 
which are always combined more or less with afimity in 
the case where it obtains, may serve as a transition to ar- 
rive at the explication of a multitude of analogous effects 
that are continually occurring before our eyes. Such are 
those that are presented by a piece of a branch of a tree 
having one of its extremities immersed in water; a piece 
of sugar which is immersed, in like manner, by a point in 
coffee liquor, and which in an instant is found moistened up 
to the top; a heap of sand or of ashes, whose foot is in 
water, which mounts by little and little till it reaches the 
summit; the cotton wick, that draws the oil upwards in a 
lamp ; and thus of an infinitude of bodies which Muschen- 
broek called the magnets ofjluids^ a very improper deno- 
mination if that philosopher wished to have it interpreted 
rigorously. All the different hygrometric substances may 
here be ranged upon the same line, which commences 
with capillary tubes (^.) 

(g) Notwithstanding the attention that M. Hauy has paid to the sub- 
ject of capillary tubes, and the advantages he has derived from Clairaut's 
investigations^ the theory he has exhibited is still imperfect and unsatts^c- 
tory. The celebrated Laplace has lately re-examined the difficult points 
of this theory : and although the result of his enquiries seems to be defective 
in so far as he has neglected the force of repulsion, which in many cases 
exactly balances that of cohesion ; yet as his manner of treating this cu- 
rious subject is far preferable to any other that has yet been published, it 
is judged proper to present in this place some account of it. 

M. CUiraut, as appears from our author's statement, supposed that the 
action of the capillary tube is sensible upon the infinitely narrow column 
of the fluid which passes through the axis of the tube. M. Laplace, on 
the contrary, thinks with Hauksbee, and many other philosophers, that 
the capillary action, Like the rifractiue force and all the chemical affinities^ is 
mily sensible at impercejttible distances. Clairaut's tj^eory leaves us still in 
ntod of a complete explication of the chief phenomenon, Yiz% that the ele* 
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. 198. The dendritae, or herborizatlons which adorn the 
surface of certain calcareous or argillaceous stones^ are 



vation of the fluid above its level in tubes of the same matter, is in the inverse 
vatio of' their diameters: but this desideratum is supplied by the researches 
of Laplace. This illustrious philosopher has determined by the formulas 
in his Treatise on Celestial Mechanics^ the action of a fluid mass termi- 
nated by a spheric surface, whether concave or convex upon a fluid co- 
lumn contained in an infinitely narrow canal coinciding-with the axis of 
that surface. 0y this action he means the pressure which the fluid con- 
tained in the canal will exert in virtue of the attraction of the entire mass, 
upon a plane base situated in the interior of the canal, perpendicularly to 
its sides at any sensible distance whatever from the upper surface, this 
base being assumed for the unit. He shews that this action is smaller 
vh^n the surface is concave than if it were plane, and greater when the sur- 
i^e is convex. His analytical expression is composed of two terms, the 
first of which, much greater than the second, expresses the action of the 
Ikiass terminated by a plane surface ; and h^ thinks that on this term de- 
l^ends the phenomenon of the adherence of the bodies to one another, and 
of the suspension of the mercury in a barometer tube at an altitude two 
or three times greater than that which is due to the pressure of the atmo- 
sphere. The second term expresses the part of the action due to the sphe- 
ricity of the surface ; and it is positive or negative according as the upper 
surface is convex or concaved 

M. Laplace shews that in both cases this term is inversely as the radius 
of the spherical surface; hence he deduces this general theorem, that in all 
the laws where the attraction is onty sensible at insensible distances, the 
action of a body terminated by a curve surface upon an interior canal in- 
fi^iitely narrow and perpendicular to that surface in any point whatever, is 
equal to the half sum of' the actions upon the same canal, of two spheres which 
have for radii the greatest and Hie least radii of curvature of the surface at 
$uch point. 

The application of these results gives the true cause of the ascension or 
depression of fluids in capillary tubes in the inverse ratio of the diameters. 
If by the axis of a tube of glass we conceive an infinitely narrow canal, 
which turns up a little below the tube till it comes to the plane and hori- 
zontal surface of the water of a vessel in which the lower extremity of the 
tube is irf\mersed, the action of the water of the tube upon this canal 
will be less, by reason of the concavrty of its surface, than the action of 
the water in the vessel upon the same canal; the fluid must therefore rise 
in the tube to compensate for this difTcrence, and as this is, by what has pre- 
ceded, in the inverse ratio of the diameter of the tube, the elevation of the 
fluid above its level must conform to the same ratio. 

If the fluid be mercury, its surface in the interior of a glass capillary 
^be is convex-, its action upon the canal is therefore stronger than that of 
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owing to d similar cause. Among these stones, some are 
full of fissures in which a fluid charged with ferruginous 
or other particles has been introduced, and has left little 
metallic deposits; and as the fissures form a species of 
ramification, which with suflicient frefquency communi- 
cate to one principal fissure, the artist takes care to cut 
the stone in the proper direction, so that all these ramifi- 
cations are developed upon the same plane, and resemble 
a little tree, the principal fissure representing the trunk 
or stem. There are other stones composed of parallel 
layers like leaves of a book, between which a similar fluid 
has penetrated, and distributed itself by veins, thus form- 
ing dendritae constituted of metallic globules, ranged in 
rows one by another. In this case we have only to sepa- 

tbe mercury in the vessel, and the fluid must iink in the tube in propor- 
tion to that diflftrence, and consequently in the invcrst ratio of the diame* 
ter of the tube. 

Thus the attraction of capillary tubes has no other influence on th» 
elevation or depression of the fluids which they contain, than in deter- 
mining the inclination of the first planes constituting that part of th» 
upper surface of the interior fluid which is extremely near the 5ides of the 
tube ; an inclination on which depends the concavity or convexity of that 
sttrface and the magnitude of its radhis. If, by the efiect of the friction 
of the fluid against the sides of the tube, the curvature becomes either aug- 
mented or diminished, the capillary effect will be augmented or diminish- 
ed in the same proportion. 

Laplace considers likewise the su!«pension, 6f fluids between parallel 
planes extremely near to each, other, and finds by hie analjrsis that a fliud 
must rise or fell according as the upper cylindric surfiioe is concave pr 
convex, the elevation or depression conforming to the inverse ratio of the 
mutual distance of the planes ; and, fei that the elevation or depression is 
equal to that which obtains in a cylindric tube of which this distance is 
the interior radius. This result b confirmed by some experiments made 
|>y M. HaQy, at Laplace's request ; and is indeed conformable to the ex^ 
periments stated by Newton in his Optics. See Quest. 81. pa. 560 of the 
English edition. 

The capillary phenomena of planes inclined to each other and of ccnical 
tubes, are so many corollaries of M. Laplace's analyns : he gives a fami* 
liar account of these particulars in Delametherie's Journal de PhfixipiCf 
torn. 0-2, whence we have exuacted the above ; but the complete expli-' 
cation of his theory may be seen in Supplement au dixieme Uvre du TVottf 
' de Afecanique CeUftCi tur V Action Cmpillairt. ^Ta. 

VOL. I. K. ' 
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rate the laminae one from another to have a Httle picture 
which, is entirely the work of nature* 

199. It is likewise to actions of the same kind as those 

I 

that produce the phenomena of capillary tubes, that we 
ought to, attribute the motions by the aid of which two 
small bodies floating upon a fluid, at a little distance 
from one another, approach tjll they are in contact^ or 
fly from one another, according to circumstances. These 
bodies being sunong those which are in a state of solidity, 
cannot exert one upon another any sensible attraction 
or repulsion ; so that what occurs in the motions now 
under consideration is solely,, due to the action of the 
particles of the liquid in contact with the same bodies. 

200. If neither of the two bodies is susceptible of being 
moistened by the liquid; if, for example, they are two 
globules of wax which float upon the water, and that the 
distance which separates them is sufiiciently small, thqy 
will be seen to approach and join one another. To learn 
4n some measure the reason of this it may be observed 
'^that, in this case, the surface bd (&g. 24. PL IV.) of the 

liquid commences its inflection at a point d or g situated 
at a certain distance from that where the globule a is im- 
mersed; so that it forms a curve in that place whose 
convexity Is turned upward. The same thing obtains * 
^ith respect to the globule c which floats upon the same 
liquid. So long as the two globules are at a re^ective 
distance sufGciently great for an intermediate ^art of the 
surface, such as db^to retain its level, the lateral pressure 
which this Uquid exerts on different parts of each glo- 
bule being ^ual, the equilibrium will subsist; but if it be 
supposed that the distance between the two globules is 
continually diminished, there will be a term where the 
two curves will tend to intersect one another j the part of 
the liquid between the two globules will then experience 
a depression which wilt disturb the equilibrium, and the 
lateral pressure which acts on the opposite side becoming 
preponderant," will push the two globes one towards the 
other. 
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^01. H one of the twd globules, as a (fig. 25. )> is sus- 
ceptible of being wetted, and the other globule b is not; 
for example, if the first be cork, the other wax, the liquid 
will rise about the globule 0, while on the contrary it will 
^orm a cavity about the globule i ; in such manner that if 
^ne be made to advance towards the other until they are 
at a small distance, the pressure which acts laterally upon 
i on the side of ^, being stronger than that which has 
plac^ on the opposite side ^, because of the elevation of 
the hquid between d and the globule a, the other globule 
i will be forced to recoil as^if it were repelled by the glo- 
bule a* 

This cixperiment may be varied by placing a globule of 
irnji upon the water, and then plunging in that water at 
some millimetres from the globule the extremity of a 
body susceptible of receiving moisture, such as a little 
Stick o^ vi^ood, having a diameter equal to that of the 
globule. The latter will retire from the stick ; and if we 
reiteratci the immersions always at th^ same distance, we 
may direct at pleasure the motion of the globule, by an 
action which will appeal' to exert itself at a distance upon 
that little body. 

202. Lastly, if' the twd globules are both susceptible 
of taking moistilre, they will be borne the one toward the 
Dther, and finish by being united. In this cas6 the inter- 
val betweefn the two globules may be considered as a ca- 
pillary tube, m which the water is raised to a greater 
Height titan in the! parts opposite to those by which the 
l^lobules face one another. Now, if to assist our concep-* 
tions We imagine in the place of the globmes two glass 
plates immersed in the water at one of their extremities^ 
and situated respectively parallel at a small distance ; 
among the different actions yrhich are combined in this 
case, there~is one which depends on the circumstance that 
the interior surface of each plate is drawn in the lateral 
sense by the film of water in contact with it ; this film in 
its turn is in like manner attracted by that which is conti- 
guous to it, and thus throughout, so that the plates are 

n2 
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solicited one towards the other by the interrentioa o 
aqueous vertical hminx which separate them; lUid the J 
result shews that this action prevails over iheoihers which J 
tend to produce an equilibrium. In proportion as th? I 
distance between the plates tilminishe? the water rises to' ] 
3 greater height, and the force that acts to draw the plated 1 
nearer augments at the same time witli the surface rf'j 
contact between the liquid and the glass. We have the I 
limit of the effect which wt are considcrinf; here when ] 
we so press the two glass plates one against the other, that 
their immediate contact is only prevented by a film of i 
water almost inlinitely thin which remains between them. 
In this case they contract one tor the other a force of 1 
adhesion, which is due to the attraction exerted upoB 'j 
them by the mokcuIjE of the intervening aqueoid "j 
lamina. 

203. There may be substituted for the globules twd '' 
thin needles, wlijch may be gently placed upon th* | 
water, where they will float, by the cfl'cct of the httlq I 
stratum of air that adheres to their surface; as tliat ob- 
tains generally for all bodies. The volume of this 
being compiirable to thjt of the ncL'dle, makes the latter 
incrca^ it> ^ greater ratio than that of the augmentation 
of weight ; sb that tlie whole is specifically lighter than 
a like volume of water. If one of the needles be caused . 
to advance towards the other in an oblique direction', 
until the two extremities touch, they will so continue ttt 
incline one towards the other, that the angle which they 
formed will, at the moment of contact, diminish by little 
and little, and terminate by the mutual adherence of the 
needles through their whole length. If, when they meet, 
the extremity of the one has touched a point situated, 
for eScampIc, at the middle of the length of the other, 
the point of contact will remain fixed until the two nee*- 
dies adhere together, each projecting beyond the other 
thehalf of its length; and immediately they will glide the 
one along the other until they become even at their ex- 
femities. 



Relative Melons ^ imaU Bodies on Water. l%\ 

e All these different phenomena ivlxich many philoso- 
phers have attributed to the reciprocal actions of thr 
bodies which exliibit them depend, therefore^ solely oi^ 
the attraction exerted by the particles of the water, either 
upon one another, or with respect to the bodies them* 
selves \ and this liquid is here the true mover disguised 
under the appearance of a simple vehicle * (A). 

* See the Treatise on the Motion of Water, by Mariotte, Paris 1700, 
pa. 1 1 8, et seq. ; and a Memoir of the celebrated Monge, inserted mmoiig 
those of the Academy of Sciences, A. D. 17 87* pa- 300, et seq. Mari- 
otte's Treatise has been translated into the English language. 

{h) The reason assigned by M. I laUy and some other philosophers for 
the suspension of needles, &c. upon the surface of water, namely th%t • 
little atmosphere of air attached to the body renders the whole specifically 
lighter than water, does not carry with it much probability : at least it It 
an assigned cause that itself requires a cause, and only removes the diffi* 
c^lly a sinj^e step ; for it may be asked, how is this small portion so sepa- 
rate ffom that which surrounds it as to attach itself to the needle, or 
other minute body, and form but one compound graviuting substance f 
We should rather say that though a needle, for example, is specifically 
heavier than the water, the difTerence in gravitating tendency is not suf* 
ficiefit to overcome the adhesive force with which the particles of water 
hang together when the needle is applied to the siirfiux horixontally, 
yet it will generally overcome this adhesion when it is applied vertically 
to its surfiice t and this we infer upon the same principle thftt a country- 
man when he finds ice will not sustain his weight if he stands upright, 
lays himself prostrate upon it and crawls alon^ without apprehension of 
danger. 

As this is ^n interesting topic respecting which the prevailing theories 
do not seem very satisfactory, it seems proper to give in this place some 
extracts from a paper by Count Rumford, read at the public sitting of the 
French National Institute, July 6th, 1S06. 

. The Count, suspecting that the presence of the air attached to the sur- 
faces of the small ponderous bodies which float upon water (which is ge- 
nerally loolced upon as the immediate cause of their suspension) was not 
indispensably necessary to the success of this experiment, made the follow- 
ing investigations. 

Having half filled with water a small wine-glass, an inch and a half in 
diameter at the top, he poured upon the water a layer of vitriolic efher, a 
quarter of an inch in thickness \ and when the whole was perfectly tran* 
^uil, he took up with a pair of tweezers a very small needle, vrhich he in- 
troduced into the ether, holding it in a horizontal position, and, bringing 
it gently to the distance of about a line above the surface of the water, ht 
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In the exposition which we haye presented of thesa 
phenomena^ we have only given with regard to ^t 

* 

let it drop. The needle descended to the surfiice of the water^ wli^ Ic 
xemained floating. 

Having poured a large drop of ^mercnry upon a porcelain plate, he 
^rushed it, and foriped of it a greater number of small globules. In ordef 
to take up and remove one of these small globules, he had a small wir^ 
instrument made in form ef a hoe. By means of this he took up a smal|^ 
globule of mercury, about a fifth of a line in diameter, and carefully re- 
fnoving it, he conveyed it to the distance of about half a line from the 
surface of the water upon which the ether restedi then inclining the edg^ 
of the small instrument a little forward, he let the globule of mercury &11 ' 
gently upon the surfEice of the water, where having descended it remaine4 
floating. When holding his eye lower than the surface of the water he 
viewed the globule from b^Iow upwards through the glass, it appeared^ 
as if suspeiided in a kind of sack, a ^ttle below the level of the surfiice of 
the water. 

Having placed a second globule of mercury upon the surfgice of the 
water, it immediately moved towards the first, and approaching it with ai| 
accelerated motion, it precipitate^ itself into the same sack, which thei|. 
became longer \ but the two globules did not intermingle with eac^ . 
Other. 

Having placed a third globule upon the surface of the water, it joined 

' itself to the two others ; but the weight of these three globules united 

being too great to be supported by the kind of pellicle which had formed 

at the surface of the water, the sack was broken, and the globules descend* 

cd through the water to the bottom ef the glass. 

When the experiment was made with a somewhat larger globule qC 
mercury, for example, with one of a fourth or a third of a line in diameter, 
|t always broke the pellicle of the water, and descended through thi^ 
liquid to the bottom of the glass ; but when the v'lscosity of the watec 
was increased, by dissolving a little gum-arabic in it, still larger globulei 
of mercury were supported upon the surface of the liquid* 

The preceding experiments were repeated with a layer of essential oil of 
turpentine, and afterwards with a layer of olive oil, placed upon the water, 
instead of the layer of ether; and the results were similar in every respect. 

On examining with a good magnifying glass the small bodies supported 
Qpon the surface of the water, it was impossible to doubt the existence of 
the pellicle in question, especially when it was touched with the point of 
a needle ; for when that was done the small bodies resting upon this pel- 
licle were seen thrown all at the same time int»> a tremulous motion. 

If the moleculse of water adhere strongly to each other, a necessary cen« 
sequence of this adhesion must be, in the Count's opinion, the formation 
pf a kind of pellicle upon the surface of this liquid, and even i//»p^ all in 
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fiDTces on which they depend the evidences which are 
ftimished as of themselvesi when attention is paid to the 



turf aces, whatever otherwise may be the mobility of these molecule, or 
nther of the small liquid masses composed of a great number of the8« 
molecule, when they are at a distance ffom the surface, and enjoy a fire^ 
fluidity. 

When a small solid body placed upon the surface of the water becomes 
wet, it is immediately helow the pellick of this liquid, and this pellicle can 
no longer prevent its descent ; and now the viscosity of the liquid begins 
to manifest itself in a quite different manner ; but in a manner infinitely 
less sensible than when it acts upon the confines of the liquid : It is, how- 
cier, net yet time to discuss this part of our subject. 

With a view to render evident to the senses the resistance which tb« 
pellicle of the lower surfaure of a layer of water opposes to a solid body tra^ 
vening this layer, and falling freely from the top to the bottom, he made 
the following experiment. Having filled a small glass with a foot about 
half fill! of very pure and clean mercury, he poured upon this mercury a 
layer of water three lines in thickness, and upon the water a layer of ether 
two lines thick. When the whole ¥ras tranquil, he took, with the small 
iastniment above described, a globule of mercury, about a third of a line 
in diameter, and let it fell through the layer of ether. This globule, being 
too heavy to be supported by the pellicle upon the upper surfece of the layer 
of water, broke it, and* descended through this liquid; bat when it had 
arrived at the lower surface it was stopped, and remained there, retaining 
its spherical form. The Count moved this globule with the end of a 
feather ; he even compressed it ; bat it still reuined its form, without 
mixing with the mass of mercury, upon which it seemed to rest. It was 
undoubtedly the pellicle of the inferior surface of the layer of water which 
prevented this contact ; and as this pellicle was supported by the mercury 
opoo which it rested, he was hot at all surprised to find that it could bear, 
without breaking, a much larger globule of mercury than the pellicle of 
Che tipper surfece of the water had been able to support. 
• In order to convince himself that the viscosity of the water was the 
caoie of the suspension of the globule of mercury at the bottom of the 
water, he repeated this experiment, and varied it by substituting water 
Ihat contained a certain quantity of gum-arabic in solution instead of the 
pure water, and he actually found that globules much larger still were 
supported when tiie viscosity of the water was augmented by this means. 

The adhesion of the moleculae of water with each other is the cause of 

the preservation of this liquid in masses. It covers its surfece with a very 

strong pellicle, which defends and prevents it from being dispersed by the 

. winds. Widiout this adhesion, water would be more volatile than ether. 

more fugitive than dust. 

The viscosity which results from the mutual adhesion of the particles 
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diflFerent figures which, according to circumstances, 
are assumed by the liquid on which the bodies float. 
But the precise determination of the results given by 
experience would be the object of a very complicated 
analytical calculus, and would require a band whose 
ability was commensurate to the deUcacy of the pro* 
blem# 



2. Water in the State of Ice, 

The congelation of water, which we shaU now pro- 
ceed to contemplate, is, of all the phenomena produced 
by the transition from liquidit^^ to soUdity, the most 
general, and that which most deserves our notice. We 
shall j6in to the developement of the circumstances 
which determine and accompany it^ some details rela- 
tive to the same phenomenon offered by oth^r bodies, 
whence there will result some analogies calculated to 
fix the attention. 

204. When a mass of water, exposed in a vessel of a 
suitable temperature, passes to the solid state ; if the 
congelation is not too nrpid, there will first be seen 
formed at the surface little triangular spires or needles, 
of which one of the faces is on a level with the surfacQ 
of the water. As these little needles are multiplied 

of water, renders this liquid capable of holding in solution all kinds of 
bodies, even the lightest and the heaviest bodies, provided always that 
they be reduced to very minute particles. Count Rumford has found by 
SI calculation, founded upon facts, which have appeared to him decisive, 
that a solid globule of pure gold, of a diameter of a three bundred-thou* 
sandth part of an inch, would be suspended in water by the effect of its 
viscosity, even though this small body were completely wetted and sub- 
mersed in a tranquil mass of this liquid. 

This viscosity, or want of perfect fluidity in water, which causes it to 
hold suspended all sorts of substances in solution, renders it eminently 
adapted to be the vehicle of the nourishment of plants and animals; and we 
accordingly see that it is water which exclusively performs this office, 
Rep. of Arts, &c. No, 51. Tii. 
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they wili be inserted one upon another, and the inter** 
}itices which they leave will be found successively oc* 
cupied by new needles, the whole assemblage at length 
forming as it were one and the same body* 

In the case of a very slow congelation the needles 
will have a kind of indentations, and imitate in thdr 
arrangement the initial crystallisations that tlie refrige* 
ration which succeeds to fusion causes to appear upon 
the surface of most metals, and which have been com* 
pared to the small branches of fern. Ramified conge* 
lations are also observed at the surface of glass windoTn 
diiring the time of a frost. 

A remarkable circumstance of these arrangements 
is the tendency of the spires to unite with one another 
under angles of 120 or of 60 degrees. This disposition 
is exhibited with a particular character of symmetry in 
snow, which falls with sufficient frequency in form of 
little stars with six radii, situated exactly like those of 
a regular hexagon. 

205. Descartes, to explkin this phenomenon, thought 
that the moleculae of water being spherical, six globules 
of this water would first arrange themselves about a 
seventh, and would then serve as points of attachment 
to rows of similar globules directed according to lines 
which would pass through the centres of the former 
and through that of the middle globule. But this 
explication resembles many otliers which bring the 
fact to them, instead of being accommodated to the 
fact itself. 

206. Mairan, in his Dissertation on Ice, where there 
are to be found a series of very careful observations, 
combined with a theory which might then be called 
better, confined himself to regard the angular disposi* 
tion in question as the effect of a certain tendency de« 
pending on the figure of the moleculae, which he pre- 
sumed to be constituted of Jess spires; and he cited, 
fdiong other examples which he produces to support 
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hb l>pinion, that of thd cubic pyrite, whose feces are 
striated alternately in three directions perpendicular 
cwteto' the- other*. This p)rrite is, according to him, 
only an assemblage of spires or needles appropriated, 
in themselves, to produce these intersecting directions; 
but we have proved sincef that the striated pyrite is, 
like others, an assemblage of cubic moleculse, : and 
ought to be regarded as the commencing crystallisation 
of the dodecaedron with pentagonal planes (101). ' 

It might rather be ptesumed that the particles of ice 
are regular tetraedrae, composed of octaedrae, by an 
arrangement similar to that which obtains in fluat of 
lime, or fluor spar:{, since the congelations which pre-r 
sent indices of regular forms have a marked relation 
to the metallic dendritae, which we know to be assem«» 
blages of implanted octaedrae, whose structure resem* 
bles that of the spar alluded to ; these have the same 
traits on both parts, the same indentations, the same 
appearances of equilateral triangles at the extremities. 

But, such is the structure of the regular octaedron, 
that if it be cut parallel to two of its opposite faces^ 
and at equal distances between them, there will be 
exposed to discovery a regular hexagon, and thaf, 
moreover, six of the component tetraedrae have each 
one of its faces situated on the plane of this hexagon* 
If therefore it be supposed that rows of little crystals 
are implanted, which, by proceeding from different 
sides of the hexagon, have their analogous faces on 
a level with it, which is nothing else than a conti- 
nuation of an effect in the direction of the structure, 
these rows will necessarily form between them angles 
of €0° or of 120'', according as they spring from the 
adjacent sides of the hexagon, or from the sides taken 
two by two. It may even be imagined that the crystal 

• Pa. 150 et scq. f Traite de Miner, t. IV. pa. 7&. 
* \ Ibid., t. II. pa. 249. 
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ftituated at the origin of these different rows is « 
portion of an octaedron terminated by a hexagon: for 
it is not rare to meet with these portions of an octa& 
dron even among isolated crystals. As for the rest^ 
that which is pfoposed here is no more than an hypo- 
thesis, to which we only attach the degree of valne 
that it appears to possess, as being deduced from ana- 
logy, and indicated by observation. 

207. We have several times spoken of the degree of 
congelation, and we have denoted it by the term 
where either ice commences thfiwing, or Kquid water 
begins to congeal, the liquor of the thermometer 
answering to zero; this it is which always obtains 
effectively. But it does not follow that the tempera- 
ture of water cannot descend below zero without such 
water congealing. Fahrenheit first observed, and it 
was not without surprise, that water contained in a 
glass phial of which the tube was closed at top, re- 
tained its fluidity after having been exposed, during a 
day and a night, at a temperature greatly inferior to 
the term of congelation. Having broken the point of 
the tube, he immediately saw a multitude of little 
pieces of ice forming in the midst 6f the water, and he 
attributed this effect at first to the contact of the air; 
but another time when he was carrying a similar vessd. 
in which the water was still liquid, he was drawh from 
h{s error by an accident singular enough ; by making a 
false step, which produced in the watfr an agitation 
succeeded by ^ sudden congelation. 

This effect is analogous to that which occurs in the 
crystallisation of salts. A slight motion communicated 
to the vessel in which a sahne solution was contained, 
wherein nothing appeared though it had prcviouslyt 
passed the point of saturation, sufficed to determine, at 
once, the rise of a multitude of little crystals. 

We ms^y conceive that, in this case, the agitation of 
the liquid^ at the same time that it assists the saline 



cooled below its new point of congelation, remaining 
always liquid ; and he determines the temperature INrUch 
obtains in every particular case* 

2i0. l^o Complete the sketch of all the cireudlstaoc^ 
relative to this object, Mre shall I'emark that there are 
here two distinct effects which depend upon cajoiic: id 
the first place the temperature of the liquid is de« 
pressed below zero> because the surrounding bddkl^ 
deprive it of caloric by their preponderant affinity for 
that fluid; but when once water is disposed. to con* 
geal, by virtue of any cause whatever^ it disengaged 
particularly the quantity of caloric which, ought to 
be developed in order that, the congelation may have 
place» , . 

21 K It is known that congealed water absorbs in 
thawing 60"" of heat : for, if there be mixed together 
a kilogramme of water at 6(f, and a kilogramme of 
ice at ^ro, all the heat of the water will be employed 
in melting the ice (139): by a contrary effect a mass 
of water which is congealed developes 60** of heat.. 

Hence we may explain why it is that water^ whose 
temperature has descended below zero, remains liquid: 
for if the circumstances are such that the caloric which 
is developed by the effect of the congelation should he 
very slow in communicating itself to the surrounding 
bodies, there will result a cause of retardation with re* 
spectto the congelation itself; since that the more coiv 
siderable the portion of caloric which we suppose de- 
veloped, and which would tend to remain in the mass, 
the more it will be contrary to one of the necessary 
conditions of the congelation ; namely, that the tempe- 
rature does not become elevated above zero, because 
at that term ice commences thawing. 

This obstacle, which the slow transmission of the ca- 
loric presents to the congelation, is such; that if we 
suppose the water exactly contained in a vessel that is 
a non-conductor of caloric, it cannot be entirely coin 
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gealed, on this mathematical hypothesis, at a tempe- 
rature of less than 66|> degrees below zero; supposing, 
with Mr. Kirwan and many other philosophers, that 
the specific heats of ice and water in the liquid state 
are in the ratio of 9 to 10: for the quantity 4>f heat 
developed by the water during its congelation is, ^as 
we have said, equal to that which would raise the tem* 
perature of that liquid to 60''. But when the dieve- 
lopement of that quantity of heat, which we suppose 
to remain entirely in the water, has determined the 
point of the congelation, the ice is in the same case as 
if, its temperature having been originally of a number 
n of degrees below zero, it were elevated to zero by an 
augmentation of heat capable of causing the tempera- 
ture of the water to rise 60 degrees. Therefore, since 
the elevations of temperature of two bodies by the 
same augmentation of heat follow the inverse ratio of 
th^ specific heats (126), we have this proportion, 
60* : n : : 9 : 10, which gives ns: y> of 60*=66''|.; that 
is to say, the elevation of temperature which gives 
birth to the congelation in the present hypothesis 
wo.uld be 66^*, or, in other terms, the temperature of 
the water must have been originally of that number of 
degrees. 

If, in the same hypothesis, the temperature were 
Dearer to zero, there might still be a congelation, bill 
solely with regard to a part of the water; and we might 
find an infinitude of possible cases of equilibrium, by 
supposing that all which would be susceptible of con- 
gelation became congealed in eflFect; so that we might 
determine, by the aid of a simple computation, the 
part which would be congealed by each degree of tem- 
perature. But these circumstances do not obtain in 
nature, because the surrounding bodies always t»Re 
their part of the developed caloric*. * . 

* See the Memoir published by Lavoisier and Laplace among those of 
fSbic Academy of Sciences, I790>pa. 355 et scq. • - -^ 
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212» With respect to the congelation occasioned hy 
the agitation of the liquor. Sir Charles Biagden, by 
trying motions of diflPereut kinds, has been able to dis- 
tiBguish those whose effect ^s most likely to command, 
in some sort, the sudden reunion of the aqueous par- 
ticles. He has observed that in general this effeet 
depends upon a particular agitation produced in the 
liquid^ rather than upon a rapid motion impressed 
upon ail the mass. Thus we may succeed b^' striking 
lightly with the bottom of the vessel the table which 
supports it, or by striking against the interior parts of 
the said bottom with a tube or with a feather. But of 
all the exciters of congelation, that which most rarej^ 
fails in its effect is a small piece of wax with which the 
interior parts of the vessel are struck in some ))oints 
inferior to the upper surface of the water, so as- 1* 
generate a species of sonorous vibrations. At the 
same instant there will be seen a crust of ice at th^ part 
of the vessel situated beneatli the wax* 

213. While water passes to the state of ice, its vo- 
lume undergoes difl'erent variations, the progress of 
wliich deserves to be attentively traced. If we expose 
to frost a glass vessel filled with water to about the 
middle of its height, we shall first see that water 
descend in proportion as it cools ; arrived at a certain 
term it will tliere remain stationary for some seconds^ 
after which it will begin to mount; so that at the 
moment of its congelation it will be found above its 
first level. 

Hence it is manifest that tin* volume of congealed 
water is greater than that of the same water in its 
liquid state. It follows that the specific gravity of wa- 
ter is diminished by congelation ; which indeed is far- 
Aer proved by the property which flakes of ice have of 
•wimming on the water which carries them. 

214. The observation which w^e have just cited 
would immediately indicate that the dilatation of the 
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iKrater^ in the state of ice^ was not produced suddenly, 
as though by a hasty leap^ at the very moment of 
congelation^ but tliat it commenced sooner; in such 
manned that the point of the greatest contraction was 
at some degrees above the zero of the thermometer. 

It may be objected^ notwithstanding^ that we have 
iiere an effect which was only apparent, and which 
arose from this, that the glass^ being condensed at tlie 
same time with the water^ during the cooUhg, would 
experience a^ the approach of congelation a contrap- 
tion which was proportionally greater than that of the 
waters It is thus that the fact has befsn explained 
by several philosophers^ who have thought tbat^ in this 
case, the water appeared solely to acquire an extension 
of volume which was owing to the excess of the con^* 
traction of the glass above that of the water itself. 

fiat jthe .experiments made by Lefevre^Xjineau, with 
the cylinder which he used in determioifog the new 
tinit of weight (71), leaves no room to.dQi4>t that the 
dilatation of the water is reaL This philosopher has 
treighed the cylinder now adverted to^.M different 
times and with an extreme care, while the t^i^perature 
of the water in T^hich that instrument was immersed 
l^ried as it approached the term of melting ice : 
'l^e has found that the cylinder always began to lose 
.more of its weight, in proportion as tlie water cooled, 
.and that to about the fouifth degree above the zero of 
th^ centigrade thcfrmometer, which answers to 3^*^ 
'tipcfii Aeauinut, or 39|'' upon Fahr^nheit^s thermos 
meiei:. l^eyond that term the Idss of weight diminished 
ail the temperature approached the point of conge^* 
tetton. In the first case the force of the water to sus- 
'taih the cylinder {continued to augment; whence it 
follows that the liquid contracted more and more. 
The same force diininish^ in. the second case, which 
ifadtcated a dilatatioii in the liquid: and thus, the 
'vi4^Fnnum of density corriesponded v^ nearly with 
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the fourth degree of heat upon the centigrade theN 
ttiormeter. „ 

215. The ordinary motion of the thermometer is 
always somewhat compHcatcd with this double effect of* 
the temperature, to dilate or contract at the same time 
both the lii^uid and the glass which contains it ; so tha-t 
the variation*6f the mercury appears less than it really 

'is; but this difference does not influence the results 
of the comttiofn observations, since it is supposed that 
between the two fixed pbitits to which the cohstroctioa' 
Mijf the thermometer is referred, the degrees of dilatatioa 
ot^'trf conttuction, both of the mercury and the^ass^ 
confbnA'icnsibly to th^ same ratio. 

21 6, Accordihg to tli€» observations of Blagden, the 
dilatation to which water is subgected by thei effect 6f 
cooling,' -aftfrf^a Certain term^ is susceptible of a. farther 
augmetittfion-^hen the liijuid continues to c6rt %eIow 
the pkfiht'^Oibrfgelation, without passing td'tfacrsblid 
state, Itl6N^ten"appeared to this philosopher that the 
expansion incrfeased in its progress, so as to be much 
greater towards the latter degrees of cooling <than it 
had bediftPtttE the commencement (ij. 

* . ... 

(t) The discovery of the singular exception furnished by water to the 
general la,w of the expansion of bodies by heat and contraction i>y coldj 
was first made by Dr. Crounc : but on announcing it to the Royal So- 
ciety, in 1083, Dr. Hooke expressed his doubts, und accounted for the phie^ 
nOmenon described by Croune upon the hypothesis mentioned in a:^^ 3l4« 
Since then, the particulars of this remarkable anomaly have b<ai<£Eirthtr 
investigated by Slare, De Luc, Blagden, Rumford^ Lefeyre-Gineau, Hope, 
and Dalton. The principal circumstances as stated by Dn Hope (Edin- 
burgh Phil. Trans.) are these: When heat is applied to watei^ ice-cold, or 
at a temperature not far distant, it causes a diminution in. theTbulk of the 
fluid. The water contracts and continues to contract, with the augmenfe- 
ation of temperature till it reaches the 40tl^ or 4lst degree on Fahrenheiff 
thermometer. Between this and the 4a6. (x 43d it sufifers scarcely any 
perceptible change; bnt when heated beyond 43** it begins to expand, and 
increases in volume with every subsequent. rise in temperature. T^ 
change happens in a reverse Order during the abstraction of jcaloric. Wam^ 
waetr as it cools, shrinks as other bodies do till it arrives at 43** ot 42**^ 
When it ««flbrd a loss Of about 2 degrees V9lth6ut any alteration of dcaasiiy* 
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217. A remarkable circumstance which accompanies 
the fbrmation of ice, is the disengagement of the air 
contained in the water. This air escapes under the 
form of little i)ubbleS| several of wliich uniting together 
form bubbles more considerable^ the diameters of them 
being often six lines or even an inch in leng^. Some* 
times these bubbles are in the form of little tubes, 
more or le^ inclined with regard to the axis of the 
vessel in which the congelation is carried on : this is 
especially observed in distilled water which passes to 
the state of ice* 

218. The augmentation of volume experienced by 
this ice may be attributed in part to tlic extrication of 
the air. For it may here be, relatively to the water 
and air^ as in regard to certain substances which ap« 

But when hithct cooled, it dilates continually as the temperature falls^ 
till congelation actually conunences. 

Dr. Hope concluded from bis experiments that the greatest density liei 
lietween s^ and 40^, differing but little from the result of Lefevre-Gincau 
stated by M. Hady* They likewise indicate the nature of the change, but 
not Its amount : the doctor is inclined to think that the amount of the di« 
latation by cold Is Inferior to that occasioned by heat 

But Mr. Dalton has endeavoured to shew (Nicholson's Journal, No8* 
ft4 and 50) that the results of Dr. Hope's experiments are explicable on 
(he supposition of water being densest at 30* of Fahrenheit, and no other. 
Mr. Dfi Luc was the first who observed that the expansion of watei^ on each 
tide the temperature of greatest density, is (he same quantity for the same 
number of degrees, whether of increase or dimin^tion of temperature. 
Mi; Dalton has lately examined this fact with greater attention than for« 
merly, and finds that it is accurate, except that the expansion for degrees 
heUnb the stationary point is always somewhat more than for a correspond- 
ing tramber ef degrees abwe the said point. This gentleman concurs 
in opinion with Dr. Hope, that water may in certain circumstances ooiu* 
tiaue fluid below its freezing point> even as far as 35*; a statement which 
IS certainly admissible. 

After lUl, the exact situation of the temperature of greatest density does 
«bt item ^mptetely decided, though the genetal facts relative to the ex- 
fMsiosi and contraction are incontrovertible. It likewise lemaioa for 
faiout philosophers to enquire, whether this manner of change in den8it|[ 
is peculiar to water, or whether (as has been suggested by Mr. KicSiolsok 
>nd others) it does not extend to all such fluids as txptnd by CMgelstion^ 
if not to other liquids. Tr. 
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pear mutually to penetrate on being mixed ^ so that di^ 
sum of their volumes, taken separately, was greatei' 
before the mixture. 

But water which has been purged of air as com-* 
pletely as possible, before it was congealed, do69 not 
abandon its property of percieptibly augmenting ift 
▼olurae; bence^ this elkct depends in ^eat part upon 
a new arrangement assum^ respectivdy by the inte-* 
grant molecuIaEi of the liquid, on re*uniting by th^^ 
force of affinity ; aiid it is known that thrs effect is ti6€ 
peduliar to water. Reaumur has obsei'Ved that iioti 
acquires a more considerable Toltiim by the cooling 
which succeeds the fusion of that metal and congeals it } 
while mercury^ on the contrary^ in the same case,- i# 
Contracted by a Very perceptible quantity* 

219. Mairan ascribes the dilatation of congealed 
water to a spedies of disorder produced by the more or 
less rapid motion which agitates the particle^ while 
they are uniting with one another. It results, ac* 
cording to his hypothesis, that they intersect and «tn- 
barrass one another mutually under an infinitude of 
-different positions, and leave little vacuities between 
|hem, which tend to make them Occupy a greater space 
than in the state of simple liquidity. 
. It may easily be conceived that, all other things 
being the same, a confused crystallisation by giving 
|>iace to a multitude of little interstices which would 
have been filled in the case of a crystalFisation more 
slow and gradual, may tend to augment the volume 
ef the solid ffiass produced by that op^raftio^. But 
it appears that the sole act of cfystallisatti'on is^ of itself^ 
at least relatively to certain substances, and particu** 
larly with regard to water, an immediate qatise of 
augmentation in volume. Such, in these eas^, is the 
ligure of the molecute, combined with other circum*- 
8taa«M| that^ %o cozifprm to the variety of arrangementi^ 
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which deteniune their new respective positions, they. 
are forced to unfold themselves (as it were) in a space 
more extended than that which they required in the 
state of liquidity. 

220. Mairan haring sought the specific gravity of 
ice, by means of tha hydrostatic balance, has found 
dial the volume of the water was increased about ^th 
by the congelation : but this effect varies according to 
eircninxtances ; and as it arises in general from a parti* 
cular anangement assumed at once by the particles 
tf water, in virtue of the affinity which, in this ease, 
acts very powerfully to fix them, one may see a little 
how there may result a very considerable expansive 
force in the ice. Hence the efforts it exerts against 
the sides of the different ves^sels which may contain it, 
|f the vessel be of a flat shape, and present a large 
opening, the force of the ice exerts itself in part upon 
the superior crust, which it lifts up towards the middle, 
9xA makes it take a convex figure; so that the sides of 
the vessel having only to sustain the residue of the 
same force, commonly oppose to it a sufficient re* 
distance : but if the vessel be narrow, it rarely liappens 
that it is not broken by the effort of the ice, which 
then acts almost entirely in the lateral directions ; and 
there is scarcely any person who has not more thsui 
enee seen vessels in ordinary use rendered quite unser* 
vice^ble by the congelation of the liquid which ha<l 
l^een permitted to remain in them, 

321. Several philosophers have been desirous to ex« 
perience how far this force of expansion might be 
carried. An iron gun of an inch thickness, fiU^ with 
water and exactly closed, having been exposed by 
Buot to a strong frost, was found to be burst in two 
places at the end of 12 hours. The Florentine philo^ 
sopliers were able, by means of thq same cause, to burst 
^ sphere of very thick* popper ; md Musschi^nbroel^ 



l^g JVaier. 

having calculated the i^fFort which WQuld occasion th^ 
rupture, found that it would be capable of raising ^ 
weight of 277^0 ppunds (Jj. 

^22. When ^.fter a thaw the return of a frost con* 
vert3 mto ice the water which the earth had imbibed, 
this ice, which has undergor^e an augmentation of 
Tolume, locks up the growing vegetables by the ex- 
tremity of their root, and fatally attacks that part 
by which they were enabled to suck in the nutritive 
juices furnished by the earth fkj. A sharp frost wkich 
prevails during the spring, likewise produces preju* 

f 

(J) Colonel E. Williams, of the Royal Artillery, when at Quebec in 
the years i is4 and 1785, made many experiments bn the expansive force 
of freezing* water : the principal results of w)uch have bfeii published in 
vol. II. of the Edinburgh Philosophical .Transactions. He |illed ^l siz^of 
iron bomb-shells with water, then plugged the fuze-hole close up, anct ex- 
posed them to the strong freezing air of the winter In that climate; 
sometimes driving in the iron plugs as hard as possible with a sledge*ham<4 
mer ; and yet, though they w^ghed near 3 pounds, they were always ibrce(^ 
out bya sudden expulsion of the water in the act of freezing, like a ball im- 
pelled by gunpowder, sometimes to the distance of between 400 and 500 
feet: and when the plugs were screwed in, or furnished with hooks or 
barbs, by which to lay hold of the inside of the shell, so that they could 
not possibly be forced out; in that case the shtll was always split in two, 
though its thickness of metal was about an inch and three quarters. It is 
farther remarkable, that through the circular crack, round about the 
shells where they burst, there stood oiit a thiii fifm or «heet of ice, like a 
fin ; and in the cases where the plugs were projected by freezing water, 
^(sre suddenly issued from the 'fuze-hole a bolt of ice of the same diame-p 
tef, and stoo(| over* it sometimes to the height of 8 inches and a half. 
Hence we need not be surprised that excessive frost should cause the ice 
to split rocks, and other solid substances. Tr. 

{k) Frosts often occasion a scantiness of water in ouf fountains and 
wells. This is sometimes erroneously accounted for by supposing that 
the water freezes in the bowels ef the earth. But this, as Dr. Robison 
remarks, is a great mistake : th? most intense cold of a Siberian winter 
would not ifreezfe the ground two feet deep j but a very moderate frost will 
consolidate the whole surface of a country, and make it impervious to the 
air; especially if the frost have been preceded by rain, which has soakedj 
the surface. When this happens, the water which was filtering through 
the ground is all arrested and kept suspended in its capillary tubes by the! 
pressure of the air. Tr. 
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^icial efieets^ even in the interioi of plants which 
had already commenced their developement. Thf 
8apy composed io great part of water, is dilated by 
congelation, while on the contrary the fibres of the 
{)lant experience a contraction ; there results a kind of 
rents and fissures which occasion a derangement iq the 
Organisation. , 

223. The same cause extends its destructive infiuf* 
ence even to organic beings. The stones which have 
l^een wetted before freezing e:ibfpliMe; marbles which 
^e blown to pieces by means of the .explosion of pow- 
der, and in which crevipes are formed, by the shock 
they have undergone, are, in the same case, liable 
to split in various places. It is well that artists should 
]f:no^ the cause of these accidents, as they may often 
have it in their power to prevent them. 

224. Water which holds a salt in solution allows it 
to be precipitated when it is converted into ice. In 
some countries of the north, the inhabitants profit by 
the cold of the atmosphere, as by a preparatory mean, 
to extract the salt from sea water. They pour water 
into wide receptacles formed for that purpose so as to 
To^ikiQ very shallow strata. A P^^ pf this water, by its 
congelation, abandons the saline moleculse which be« 
come concentred in the portion still fluid ; so that the 
latter only needs to be exposed to a moderate heat in 
order that its evaporation may permit the salt wit)^ 
which it is charged to crystallise. 



On the Congelation of Mercury. 

225. Mercury is^ next to water, that of all the U* 
quids whose congelation has given place to the most 
interesting observations. This substance, which ap« 
pears to play a part so singular in nature, is in reality 
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otily a metal capabTe of entering a state or fusiop by a 
temperature incomparably less elevated than thiat wMch 
oraitiary metaU require to melt them, which merely 
indicates that the degree of cold necessary to render it 
solid is much beneath the zero df our thermometers fl). 
Indeed Delisle and'Goleltn, while in Siberia, saw the 
mercury conceal naturally in the thermometers which 
they made use of. But this phenomenon was yet un- 
known, or at least involved in doubt, when, in the 
month of December, 1T59, Mr. Braun, member of the 
academy of St. Petersburg, haying availed himself of a 
very severe cold which then prevailed ip that Country, 
and which was measured by -wv34° of Fahrenheit (an- 
swering to ^^^ below the zero of the thermometer in 
80 parts), was able, by the aid of a mixture of pounded 
ice and nitric acid, to make the mercury in the tube of 
his thermometer descend to — 69* of Fahrenheit (-^4|.* 
of tKe thermometer in 80 parts). He then perceived 
that a part of the mercury was congealed, and Encou- 
raged by this first success, he pursued his experiments, 
substituting snow fdr ice ; the mercury continued to 
descend, and arrived, in the last experiment, at — 352^ 
of Fahrenheit (-^170|-^ of the thermometer in 80 parts). 
Mr, Braun liaving withdrawn his thermotneter from 
the mixtuile, and' carefully examined the ball^ could 
not perceive any fissure ; at the same time he saw that 
the mercury was immoveable, and continued so for 
about twelve minutes. Some days after he repeated 
the experiment with ^pinus ; and having again suc-^ 
ceeded in fixing the mercury, he broke the ball of his 
thermometer, and took out the metal under the form 
oC a solid shining mass, which extended^tself by per- 
cussion, &nd yielded a blunt sound, similar to that of 

{t) The reader will recollect that by the term ** our thermometers,*? 
M. I-Iauy means Reaumur's and the centigrade thermometer, wl|ose zei9 
^tand^ at the point of thawing ice. See art. 163. T|i. 
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l^j^'Miielf also it nearly li|»proac1ied ^ith respect 
to bardiieSis V 

^ II! c^M not then be doubted that mereui^ wa$ dtisr 
^epiible of a congelation, properly «o called ; but that 
was ftr f rom knowiitg fbe'trae degreie of cokl whicli 
iproiild suffice to p/oduce it. Mr. Braun,'and several 
otber philosophers, have thought this degree to btf 
ttiudi lower than it was in fact, by confounding twd 
effisets tfiat are very distinct^ namely, the tem^ratura 
pf the metal at the moment of congelation, and the 
considerable contraction which it experienced when if 
l^eeame fixed ; a circumstance with respect to which rt 
|8 contrasted with water, which, as we have seen, ex^ 
periences on the contrary a dilatation, before it reaches 
tfie term where it becomes congealed* 

226. The idea which ought to lead to the deter* 
minatign of this limit, which is, with regard t^ mer« 
^ury, what the zero of the thermometer in 80 parts i% 
relativeiy to water, occurred at the same time both to 
Black and to Cavendish, two men the most formed by 
their talents and pursuits for such ^ coinpidence. They 
applied the same reasoning to mercury as to water 
itsejf, the temperature of which is constant, as to sense^ 
{rom the moment when that liquid begins to be con* 
gealed to that wii^rein all tl^ mass has become solid. 
Mr. Cavendish, to render still more striking the ana- 
logy suggested by this observation, made the appli- 
cation to metals that are easily fusible, such as lead 
and tin ; and J»e found that a thermometer immersed 
tn either of these metals remained stationary during 
idl the time of the passage from liquidity to solidity f. 

The apparatus contrived for th^ experiments rela* 
tive to mercury, cimsisted of a small mercurial thermo- 
)B)eter, which he introduced into a glass bottle whose 

^ Nov. Commentt. Acad. 8cient» Impei. Petxofol. tom^ XJU 
<f Pfailosopiuoi} Thmsac. 17S3> pit. 318. 
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hfigsi patt was filled with die same metal, Md soiy 
jronnded by a mixture of frigorific substance .. .He 
Saw ibe Boer^ry 4ef»etid progressively in thetu^rof 
ihe tbermoHiet^r until the moment when ^be congela^ 
tioli of th^ in the vessel ccnnmenced, and then cih-* 
ierved it to.oontiniie at that point all the titpe of 
tbe operation of freezing. He found that the tenn 
then indicated by the piercurial thermome^r answered 
to about --r39** of Fahrenheit {^^\¥ of the thermos 
naeter in SO parts). If be bad employed a thermome- 
ter of alcohoU constructjsd according to the same divi- 
TOAy be would have found yearly 80^ be|ow zep fo( 
tbe corresponding term. 

^2'Z. The experiment of the congelation qf mercu^ 
Kas been several times repeated at Paris of late year^ 
Those p^sons who baye had the courage tp take wto 
tbe hand the congealed metal, have experienced a pain* 
fpl sensation, of which they could not give a more just 
idea than by comparing }t to tl^t produced by ^ severe 
scalding. Nothing could more completely justify the 
language of the poets, who, to depict a very sharp 
coldness, have called it a scalding cold Cm J, 

(m) In the year 1780, Mr. Von Eltertein, of Vytegra in R\issia, froze 
^ni|ccsilver by natural cold. On the 4th of January, 1780, the cold being 
increased to '• — 34 of Fahrenheit that evening at Vytegra, he exposed to 
the open air 3 ounces of very pure quicksilver in a china tci^-cupy covered 
with paper pierced full of holes. Next day, at 6 in the morning, he fpund 
it solid, and looking like a piece of cast lead, with a considerable de- 
gression in the middle. On attempting to loosen it in the cup, hi3 knif^ 
raised shavings from it as if it had been lead, which remained sticking up; 
«nd at length tlie metal separated from the bottom of the cup ip one ma$s. 
He then tpok it in his hand to try if it would bend : it was stiff like glue, 
and broke into two pieces ; but his fipi^ers immediately lost all feeling, and 
could scarcely be restored in an hour and a half by rubbing with snow. 
At 8 o'clock the thermometer stood at — 57; but by half after -g it was 
risen to —40 ; and then the two pieces of mercury which lay in the cup 
had lost so much of their hardness, that they could no longer be broken, 
or cut into shavings, but resembled a thick amalgam, which, though it 
became fluid when pressed by the fingers, immediately afterwards resumed 
the ceqsistcnce of pap. Witl^ the therinometer at«-«39j the quicksilvcf 
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£28. Varioiif metals when returning to solidity, ^ter^ 
liayuig been melted, undergo a regular crystallisatioii.^ 
Tbe ^oric acts herje with reg^d iq a metal in fusipn,- 
m do ordinary liquids with respect to a salt which they- 
hold in a state of solution. Jn both cases it is the re-* 
tiring of the ui^bstancQ at j&rst interposed he%vre^v^ the 
Qietallic or 3aline particles, which permits (hem to ap- 
proach one another and unite ijnder geoipetrical foj^au^ 
when such withdrawing is mad^ ^lo^ly enough to give 
them time to assume the arrangement which accprds 
^ith the laws of crystallisation. 

The earliest ii^dices which were observed of these 
phenoqfienai appear to have been those spepies of 
ramified star^ which are formed upon the surface of 
antimony. It was to th^ eyes of alphemists chat these 
stars first presented themselves, and they explained the 
fact consistently with their art: it was a. star of happy 
influence, which predicted to them the metamorphosis 
of antimony into gold* 

The experiments performed ypou bismuth, by 
Brongniart, professor to ^e museum of natural his* 

became flui4« The col(i vfZB never less oii the 3tl) than -r!28, and by 9 la 
tile evening it had increased again to — *33. TMs experiment, as well Sf 
tiiose of Mr. Cavendish, seems to fix the freezing point of mercury at 
—^9 or ---io of Fahrenheit's thermometer, or 40 below 0; which » 73^ 
(lelow the freezing point of water. 

On this subject^ a variety of curious ftcts are recorded in Hutton*9 Dic- 
tionary, art. Freezing Mixture; also in the Philosophical Transactions, 
Vol. 51, pa. 072; vol. 53, pa. ISO; vol. 00,|pa. 174; vol 73, pa. 303 and 
^il vol. 70, pa. 241; vol. 77, pa. 285; voL 78, pa. 43; and several 
^Itfiers, particularly vol. 7$>, pa. log, &c.; being experiments on thecoUf 
gelation of quicksilver in Eiigland, by Mr. Richard Walker, where he proves 
^t mercury may be frozen not only in England in suinmer, but even in 
the hottest climate, at any season of the year, and without the use of ice 
or snow. Indeed, the experiment of the congelation of mercury has of 
|ate been frequently repeated at London, Cambridge, Oxford, Edinburgh, . 
^d most of our principal towns: the chief circ\imstances being uniformly 
ifound to correspond as nearly as can be expected with what is sta^ by M. 
Haa;|r, and in this note. Ta. 
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UfTYf Inre offered the first ^example of a metal con** 
verted into pvojeetiDg crystals, by a process similar to 
liiat wbicb Rouelle bad employed in rebtion to suU 
fiMKT, arid which consists in leaving the smiace of the 
sielal to congeal, then in piercing this incrustfitiony 
and emptying the liquid from the hollow paft. After- 
wards, when this is broken, subsequent to entire refriv 
ipefation^ the carity has been found wholly hung (aa 
tapestry, ktpissie) with crystals^ wbicb present, accords 
iifg to circumstances, ^oups of octaedra^ or of cubes 
disposed upon lines irespeotirely perpendipilar, and 
le'-entering like the contour of a voltite. 

Some have thonght that the vacuity left by thq 
Bietal which was poured out of the crucible, by giving 
access to the air fxivoured the production of crystalsv 
But the truth is, that these' crystals are forming at tho 
Bidddle of the metal ev^n while in fusion, by thef 
ibutual' approach of the parts which have first cooled^ 
|t is, with pespect to this metal, nearly as with water 
which is congealing in the midst of other water still 
fiuid. Nothing more is done by partly emptying the 
crucible, than uncovering the crystals already formed j^ 
and disengaging them from the surrounding metallic, 
inatter, with which they would make only one solid 
^lass after the refrigeration. We may assure ourselves 
of this by taking out with the point of a pen-knife the 
crust which is formed at the surface ; on removing this 
w^ shall find beneath it crystallisations similar to 
those which we have described. Bismuth is one of 
the metals which is most easily applicable to this kinC 
of obsevvation. 
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3- dn fFdter in the State of Vapo&ar* 

S29. We Jiave before spoken (135) of aphenomenoil 
wfaieh b presented as the ultimate result of the ae- 
ifiimndalion of calork between the moleculs of a body* 
wmi winch eonsUts in the conversion of those molecuke 
into an elastic fluids These fluids are distributed into 
two classes: one class comprehends those which re* 
tMn tbeir elastic fluidity under the strongest pressures 
4o which we can subject them, and at all the known 
^degrees of refrigeration: they have received the suusie 
«f atrifnmJhUdSy borrowed from that of the atnao- 
Sfdierie air, wluch seems to possess die first raii^ 
among them. They are likewise called permamenily 
€hiatk jluiis or g^es. In the other class are com- 
{ffifleA iuch elastic fluids as easily lose that state by 
pressure or by cooling: among this number are 
K^mmofo water^ alcohol^ ether, &c« These fluids hare 
fceeii called vapours^ or non^permaneni elastic Jiuzds; 
aad the ]^henomenon which consists in the passage 
4i£ft body from the sta;te of. liquidity to that of vapour^ 
tidies the name of vaporimtwn when it is solely doe 
to the action of calorici and that of empmraiion wbem 
Ihe air intervenes in its production, by the affinity 
trhic.h it exercises towards the particles of the vMr- 
pour. We shall limit ourselves in this place to that 
which concoms the first of these eflbcts, and shall 
Specially consider it in relaticm to water. As to 
the other effect we shaU reserve dtoe more patticular 
cxpUoadon of it till we treat of tlie properties of 
JMMsptaerio air. 

230. Ebullition is, in general, with respect to li- 
quids, the sign of commencing evaporation, ft b 
announced by the bubblea wbkb proceed ^ from the 



»$ iraler. 

\ 
1 

vesselj and succeed one another rapidly in traversing tfif * 
liquid, the surface of which they raise up. These bubble9 
are not^g else than portions of liquid already converted 
into vapour by the action of the caloric, ^nd which tend 
to escape in virtue of their elastic force. When the 
Ifbullition is produced by fne^nsi of fire whicli we su|>p6se 
to act beneath the vessel containing the liquid, the inferior 
stratum of this latter receiving immediately the' caloric 
which introduces itself into the vessel, should alst> ht the 
£rst that is vaporised* But the same effect obtains under 
a receivier where a vacuum has been obtained j in order tor 
determine the ebullition by a mudi lower temperatiu*e 
than that which would be necessary under the pressure 
of the atmosphere (141). In this case the depressicm of 
temperature occasioned by thef rarefac^tion pf the atr in^ 
duded under the receiver (148) actsr upon the superior 
lamina, a^ from one to another upon the following, by 
degrees continually diminishing; whence it follows thai 
the lowest bed of the liquid which retains the most heat 
must Still furnish the first bubbles. 

231. The different temperatures have been observed, 
to which cdrrespond the ebullition of certain substances 
by a pressure of 28 inches (29*9 inches English) of mer- 
cury. According to the enquiries made by Deluc' rela^^ 
tive to alcohol, the ebullition of that liquid commenced 
at 67 degrees ota th6 thermometer of 80 parts (182 1:° on 
Fahrenheit). Citizens Laphce and Lavoisier have found 
that, in the same c^^e, ether commences ebullition {n) at 

(n) These temperattires do Aot Sgree with those which result from the 
most accurate experiments in England ; the boiling points of a number of 
liquids under a medium atmospheric pressure have been stated by Dr. 
Gregory thus: Ether, 08<> on Fahrenheit; Ammonia^ 140^; AlcohoI«i 
176**; Water, ai20;'Muriat ot lime, 230^; Nitric acid, 248*; Sul- 
phuric acid> 50O**; Phosphorus, 554^ ; Oil of turpentiqe, 500^'; Sulphui^ 
570^; Linseed oil, 600*; Mercury, 660^. If the pressure be dimkii^hcA 
the liquor boils at a lower temperature: if it be increased a higher tem- 
perature is necessary to produce ebullition. The late professor Hobisoh 
condndcd that m a Tacuttm all liquids would boil at about 145^ lower 
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SS 0^ 3S degrees (104* or lOt* on Fahrenheit). AftoAer 
experiment of the same philosophers shews with wh^ 
rajpidity ether dilates itself by evaporising in a vacnunl. 
The experiment consists in covering with a stratum of 
this liquid the surface of the mercury contained in the 
cistern of a common barometer, then m -slightly inclining 
the tube and raising it a little, so that it may remain part- 
ly immersed, and that this Uttie motiori may cause a drop 
of ether to be introduced into the lower part of the tube : 
this* drop will raise itself through the column of mercury; 
^rhen arrived at the surface it will be converted into va- 
poury and at that instant the mercury will be depressed 
by a considerable quantity. 

232. But the vapour or steam of water is, of all the» 
elastic flmds that have been submitted to experiment, that 
which has furnished the most interesting results, by the 
application which has been made of its expansive force to 
•mechanics, as we shall soon shew a little more at large. 
' The valorisation of water commences, as we have seen, 
at 80* on Reaumur's thermometer, under the medium 
pressure of the atmosphere; and w^ have shewn, more- 
over, that the temperature remains' the same during all 
the time of the conversion of the liquid into vapour ( 1 35). 
But this uniformity of heat obtains no longer than while 
the vapoiur has liberty to escape as it is generated; for, 
if water which becomes vaporised is contained in a vessel 

^haii in the cpen tir under a prearare equivalent to SQ inch^ of mercury; 
' Attf alcoh(4 would boil in vacuo at 34^ and water at 07®': yet Dr. Thom- 
son affirms that water in vacuo boils at go^> Water confined in Papin't 
Digester may be almost heated red hot without boilinf^. The mixture of 
VBrioursaltswith water' a^ct its boiHnf point considerably; as appem 
from Mr. Actiard*« experiments recorded in the BerUn TransacijionM for 
1785. He found that a saturated solution of muriat of soda raised the 
'filing point lO'SV* i one of muriat of ammonia, raised it g'79*; one of 
cirbMnt of pocus, raised it 11*2?; while a small quantity of boraz» 
towered it .l<i5f | Ditto of tulphat of nugnesia, lowered it fi*47Ss *od 
•ttllphat of lime in any proportion, lowered it 3*03^; it may no^ be amisc 
lor those who have proper opportunities 'to pursue this Jiind of enquiry* 
» it may >ead to a^ving of fuel In steam-engines. , Tm 
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which does not permit it to have any outlet, tli^xi tne t8<» 
|>our, by accumulating in the upper part of the ves^I^ 
exerts upon the water still lic^tiid a pressure which when 
arrived at a certain term will oppose itself to the effect ai 
the elastic force of the caloric to vaporise otheir wafer ^ to 
that the caloric accumulated in ii& turut either in the 
iiquidi or in the yapotir itself^ and the temperature €00" 
. tinues to rise much beyond the tetox of S0*» 

Upon this principle was constructed the rnaduhe sa 
inrell known by the name of Papirfs Digester^ vcA of 
Irhich that philosopher published a description at Paris 
in i682, under the title of A Machine prefer fo soften bones 
and convert them into soup^ The heat that is produced in 
this machine is so powerful, that the water it contains 
becomes capable, not only of dissolving the bones> and 
extracting the gelatinous part^ but also of melting lead^ 
and even copper, asdifler6nt philosophers have observed^ 

239. When vaporised water meets with neighbouring 
t)odies whose' temperature is mueh lower than its own> 
it Instantly yields to them a great part of the caloric which 
maintained it in the state of an elastic fluid, and re-as-' 
suming the liquids state, adheres to thoae bodies un- 
der the form of a humid cover or dew. Hence that lively 
Impression of heat which is felt by the hand or other part 
of the body which is suddenly exposed to the "vapour of" 
water. 

SS^. Tte extinction of fire produced by the injection 
of water upon the inflamed body, is no other thing in 
the opinion of the vulga> than the eflect of a' kind oi 
struggle between two hostile substancesy tbe one of which 
arrests the progress of the other. The true expIicatiiMi 
of the phenomena is that the water intercej>ts, on one 
part, the contact of the ait* wi(h the combustible body*, 
and on the other takes up, by its vaporising, a part of the 
caloric necessary to produce such a separation between 
the particles of that body as disposes it to unite With th^ 
oxygen of the air. 
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235. When wmtcr ttill liquid is heated more and more» 
iu dihtatioss vaiy in a ratio sensibly greater than thd 
aiigmentations of heatf and this difference is especially 
denoted at the approach of ebullition. This may bt 
conceived by considering that when the distance between 
the aqueous moleculss has reached a certain point, through 
the elastic force of the caloric> the affinity which only acts 
very perceptibly when near to contact, ou^t alwaiys to 
diininish more rapidly, even supposing equal augmenta* 
tions of heat ; so that the dilatations will, on the contrary, 
mcn^ase in a very high ratio. Nevertheless the total 
effect of the dilatation, from the term of thawing ice to 
that of boiling water, is limited to an increase of about ^ 
of the volume of water» But at the moment of ebuUition^ 
the dilatation makes a sudden leap; and according to the 
most recent experiments, the vapour eiqpands itself ra* 
ppdly into a space one thousand seven hundred and twen« 
ty*«ight times greater than that which the water occupied 
in its state of simple liquidity, in such manner that a cubic 
inch of this water produces a cubid ibot of vapour (0). 

2S6. It is to this great expansion of vaporised water 
that theeflect of the ssolipile is to be ascribed, which was 
so long attributed to the dilatation of the air. This name 
k given to a metallic vessel in form of a hollow pear, the 
tail or stalk of which is a narrow tube. The vessel is 
heated in order to expel a great part of the air which it 

(o) There is m considerable diflSeftnce tn the results of experiments 
performed with a Tiew of determining the ratio between the densities of 
iQittr and the vapour of water at tlie boiling point. Some philosophers 
stattf it %t 8OOQ to 1, others at 9055 to 1, others at sooo to 1, M. Havy as 
abe^ it i^SS to 1, while hi art. ai7» he gives 1000 to 1 as the ratio, 
ttUkt ^ iMdiwn acaioiphcrk picfsiue. It Is pcobaUs that th* oaHler 
^EpeiiNilfgili 09 tbii poi«t ware issile withoat payiag much legaid to the 
Tfriaftkm of auaospheric pressure. However since the density «f water 
IS to the medium density of air u SSO to l, it may be safisly asserted that 
iiiuttntt vapour is twice as l%fat as air; of oaiisec|uenoe the latter as it 
bicnaigi saiuxaMd witi such valour, bacomci spidfiail^ lighter, so as 
tptfpoasioaitf <da«i^i0»kitlMai^i|aif^ Ta. 
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contaiiis ; then the orifice of the tube is plunged In water 
until that liquid is introduced by the pressure of the sur« 
rounding air into the vessel^ so as to fill a half or two thirds 
of it. Then the aeolipile is placed with its bottom turned 
downwards^ upon burning coak^ and the fire is animated 
until a violent blast of air proceeds from the orifice of the 
tube. Lastly, the sealipile is H) iBclined that its tube is 
situated vertically^ the orifice upwards^ and the heating of 
it is continued. In a short time the part of the water still 
liquid, being driven on by the vapour| will dart forward in 
a jet which sometimes rises to the height of 8 metres, or 
tbout 25 feet. .When the liquor is aicohol, we shall have 
a jet of fire by presenting a lighted torch at about a deci-* 
metre (3 or 4 inches) above the origin of the jet. v 

. 2S7. But the vapour or steam of water becomes c^>able 
of producing much more astonishing effects by its ex- 
f)ansive force. There are, in the Memoirs of the Paris 
Academy of Sciences for the year 1 707, some observations 
communicated by Vauban, from which it results that 140 
pounds of water converted into vapour, would produce 
an explosion capable of blowing up a mass of 77000 
pounds, while 140 pounds of powder could cmly produce 
a similar effect*'upon a mass of SOOOO: so that the force of 
the steam of water was more than double that of the 
gunpowder. ». 



On Steam Engines* 



238. Effects so powerful as those of which we have just 
spoken could not long remain sterile in supplying the ne- 
cessities of the arts: they furnished ar new moving force- 
to mechanics which it required no ordinary genius ttt 
have created and to have measured its enei^. This 
science during a long time had only employed water as a 
moving force, by availing itself of its natural course or 
by judiciously managing its faU, so as to subject to it the 
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operation of niachines which it regulated by an impulsion 
continually renewed. The experiments made upon the 
force of water reduced to vapour gave birth to the idea of 
S4>plying that vapour so much the more advantageously 
to the same purpose, because independently of its great 
energy, it may be transported wherever it b called for 
•by the interests of commerce and of industry. 

239. The execution of steam-engines has had, likd 
tfa^ ofall other machines, its different epochs, to whidi 
•soixesiively corresponded new degrees of perfection* To 
digiinish as far as possible the quantity of vaporisation 
requisite for the effect in contemplation^ and to make a 
moderate use of the combustible; to combine with this 
chief ecooomy that of substance, and of workmanship, by 
contracting the dimensions of the pieces, without dr«* 
jninishing their utility; to prevent explosions, by the 
srisest precautions adopted in the management of ^n agent 
:whose power b^omes destructive when it is not limited : 
these are in general the objects which have fixed the at* 
tentton of engineers, and have excited among them a 
laudable kind of rivalship. We shall confine ourselves to 
the means of perfection which are most manifest, and 
shall only so far enter into the description of machines as 
will he necessary for understanding the principal effect. 

All the motiobs of the Steam-engine derive their origitl 
from the operation of a piston which .is raised and iie^ 
pressed altematdy in a cylindrical tube, communicatin|;. 
with a caldron or boiler in which the steam is formed by tb6 
tction of a fire kept up beneath it. The manner in whicb 
the vapour contributes to the operation of the piston it 
varied according to different methods; and our object i^ 
^pec;ially to Compare those methods, and to shew the fi*<^$h 
advantages which, they have brought with them as they 
^ve succeeded one to another. . 
• 24P- Tb^ first method whose sucdess -vas announced;) 
by a general eagerness to imitate it». is that whidk is com4l 

igQldy attrilMt«»d to- an EngUshmiB' siamed Sfasory^ tet 
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the invention of vrhich is due to two other Englishment 
viz. N^wcomen and Cawley. The machine which was 
really contrived by Savery had much sknilarity to the 
fountain of compression which we shall describe under 
|he ^^rticle air; and in which that fluid condensed exerts 
upon the water' a pressure that determines it to spout 
forth by a canal which offers it a free issue : all the dif* 
ference consisted in this, that Savery substituted the force 
of steam for that of compressed air. Savery, by being as« 
eociated with (Jewcomen, seized the honour of this dis* 
cpvery, :^d his ambition soon eclipsed the simple and 
modest man who confined die pleasure to his own bosom* 

To comprehend the operation of the machine m 
question, let us si^pose that the piston is descended to 
^he lowest point of its course ; at that instant the comam* 
nicaticHi betweeii the boiler and the bottom of the cylin* 
der is opened by a peculiar motion made by a circle called 
the regulator f which previously closed that cominunica-' 
tion; thus the st^m introduces itself below the piston, 
and impels it upwards by its expansive force. When it 
is at the end of its rising stroke, the regulator has re« 
turned to its place, and, by meansfof a cock which ^ens 
at the instant, a jet of cold water spouts cut of a tube^ 
connected with the cylinder, and strildng upon the in* 
Stfiar base of the piston from whence it falls again in a 
kind of a. shower, it condenses the vapour and destroys 
Iks effect. Then the atmospheric air which acts by it^ 
^essure upon the superior bas^- of the piston, causes it t9 
descend; after which the emission dfthe steam and the 
other ejects succeed one another afresh, so as to perpe* 
tuate the alternate motions of the piston. 

The top of the piston rod is connected with one of tho* 
extremities of a reciprocating beani, whose op^K^site ex«^ 
teemity gfves motion in a contrary direction to the rod 
cf a second piston adapted to a true pumpkin whiiji water 
israised in the usual way. 

Thisi^machine has two ioi^art^t iaamveaieneerw^k 
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wnre not kmf before they were perceived : on one band» 
the injection of cold watef being made in the cylinder 
itself# cooled its sides i on the other hand it was requisite 
to keep the \xff&c base of the cylinder always covered 
w)th waCer^ either to prevent the drying of the leathers^ 
or to cut off all access of the air into the inferior part of 
the cylinder where the steam was introduced j whence ifr 
Happened that the piston dtiring its descent moistened in 
its turn the sides of the cylinders. To compensate lor 
the eflbct of the refHgeration produced by the two causes 
we hare spoken of^ it was necessary to furnish a greater 
^lantity of sCeanft | whence resulted a double defect of 
ec6iu>my9 namely, in the emfdoyment of the metal to 
form ar boiler which must be of larger capacity, and in the 
cbnsumption of the combustiUe. 

241. The machine invented by the celebrated Watt 
combined With the advantage of making these incon* 
veniences disappear, a perfection which seemed to render 
' Ins cofeitHvance new in all respects. That which princi- 
psdly dis ti nguishes it, is the double employment of the 
sicfttm, of which one part is inti^oced beneath the pis* 
ton, as ill the machine ascribed to Savetyt and the other 
:alK>ve the sane piston ; in siuck milnner thftt the interior 
of !(he cylinder Has dot any comiBunication with th^at* 
iiioe(»heiic air, which therefore contributes nothing to thd 
ojw r a tk m of the machine. Farther, the extremity of tho 
vedprocating betm oppoiite to that which condu<!ts th« 
piston of the steam cyEnder, is feaded with a counter 
weight whose use we shall ^ooft see. Lastly, the bottonH 
of the tyKnder comnmnicates with a tube cidled the cm* 
denser^ which is placed on one ^de, «nd in Which tbe fiOBK 
densation is carried on. 

Suppose now that the piston has arrived at the highest 
pokit of its coarse, so that there is a f a c uu m in sH tho 
part of the cylinder situated belaud it, zbdt that the pistott 
k only retained in its position ty the action of the 
r«wei^ meintioBed above. In tlui state of tUngs 
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Ac vapour enters above the piston, and its force prepon*' 
derating, with regard to that of the counter-weight, causes 
the piston to descend until it has terminated its stroke. 
Immediately fresh steam is introduced beneath the pistont 
and forces it to rise, until an equilibrium obtains between 
the steam on the different sides of the piston : the eleva- 
tioo is then continued by tht» action of the counter-weight, 
which is no longer hindered from obeying the law of 
gravitation. As the piston ris^s it presses forward the 
steam that is above it, and which is thence conducted 
under the inferior base, to fill up the space left void by 
its ascension. This i^otion terminated, the condenser 
opens, and pennits the steam to introduce itself into its* 
cavity, where it is condensed by an injection <Jt cold 
water. The piston then re-descends and reHraoants al- 
ternately, in virtue of a similar combination of difti'ent 
actions produced by the two vapours and the ODEnaidter- 
weight. J 

It is easy to see that this construction is much better * 
disposed than the former, to prevent the superfluous ex- 
pense of vapour and of combustible occasioned by the 
cooling of the cylinder. The machine of Chaillot, near 
Paris, in whi<}h it has been adopted, and the execution of 
which is due to the talents of the brothers Perrier, has 
for its object to raise the water from a re$ervoir which 
communicates with the Seine, to distribute it afterwards 
into the different quarters of Paris. According to the 
}>ro8peGtus published by the authors, this machine can 
furnish, in the space of 24 hours, about thirteen thou- 
sand seven hundred and eleven cubic metres, or four, hun* 
dred thousand cubic feet of water. 

242. We knew of nothing more perfect of this kind, 
until in 178S, when Betancourt having been at London 
saw there a new steam-engine executed under the direc- 
tion of Watt and Boulton. They contented themselves 
with stating to him that this machine had many advan- 
tage over the cithers ; butj for the rest> made a mysterj 
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tft the mechanism, and the secret was well guarded by the 
jtnachine itself; for an observer could do but little more 
than pSLSs before an assemblage of pieces, some of them 
entirely interior, the others hidden in part by the disposi-* 
tion of the edifice. Nevertheless Betancourt guessed the 
principle, and on his return to Paris, he constructed a* 
model in which he made an application of that principle 
by means equally simple and ingenious. ' 

In this new machine the steam is also introduced both' 
below and above the piston ; but the perfection of the; 
mechanism consists in this, that the injection of cold 
water is repeated on both sides, so that it condenses in' 
their turns, the upper steam by leaving to that which 
acts below ail its force to elevate the piston, and the lower 
steam by p«*mitting that which passes into the top of the' 
cylinder to exert, in like manner, all its effort upon tlie 
upper part of the piston. Hence it results that the 
piston is m-ged with the same force, whether rising or 
descending; which gives birth to several manifest a4- 
vantages^ 

hi the first place the counter-weight is suppressed,* 
which is, at least, a surcharge upon the machine : next,' 
the equality of impulsion which obtains in whatever di- 
rection the piston is moving, allows it to be applied as a 
uniform power tQ a rotatory motion which acts without 
iBterruption to produce the proposed effect. Thus in«» 
stead of the jMSton's contributing to the principal effect 
jonly while it is descending, as in the first machine ; in 
this the piston, whether it be ascending or descending, 
sdways acts efilcaciously* Supposing that the piston of 
the first machine has a base double that of the piston of 
the second, the column of steam which presses upon the 
bas6 of the former will exert, all other things being 
equal, a pressure the double of that experienced by the' 
base of the other. But in the two motions of the former^ 
ih€«e is only one which is productive; whence it follows 
that if the second piston, which incessantly hbours use* 
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fvMjf acts upon » 4ouble lever, k will perfcnriA twk€ a» 
much as the other could during its descent. 

Hence results first a saving in the substance composing 
the cylinder, and ^hen a corresponding one in aU the de« 
pendant pieces. Moreover, the capacity ^md thickness 
of the boiler may be diminish^, because the steam new 
not be so much accumulated as in the other machiii^ 
where it issues out only at intervals* Lastly, the surface 
of the water in the boiler which is yet liquid, being here 
less compressed by the vapour which is formed above it, 
that water vaporises in its turn by a less degree of heat ; 
vhicbi joined to the other causes, procures a great econooay 
of combustible. 

There may be seen in the Isle of Swans, at Paiis, ^ 
machine constructed according to thp princijde which we 
have just explained, and which is employed t<> give motion 
to some com-miUs. 

We can only give an outline of the description of thi^ 
machine, any more thaii of the preceding. We must far 
exceed the limits we are obliged to prescribe ourselves, if 
we undertook to nm over all the various accessory parts 
employed to introduce or to condense the steam, and to 
exhibit the means which have been adopts to preserve 
the unifbnmty of motion, to prevent the accidents which 
might be occasioned by too strong a condensation, &c« 
We may, however, observe on this subject, that in the 
first erected steam-engines, it was necessary to employ 
men for the especial purpose of turning at every instant 
the cocks which gave passage to the steam, or to the in« 
jection of cold water. At present all is reduced to the 
attending of that which regulates the fire} the rest pro* 
ceeds of itself. The force of the steam tliat animates the 
body of the machine, is transmitted ^o the difierent parts 
v'hich ^and in the place of arms and of hands > and the 
same genius which has been capable of converting a little 
water penetrated by heat into an agent that can produce 
such motions a^ fovld require th^ most powerful efforts^ 
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has also attained the art of resting upon that. blind catise» 
even those operations which seemed to demand a vigilant 
attention and an assiduous care (p). 

ThuSf hj comparing the effects of water in its two 
extreme states, that of solidity and that of elastic fiuidatj^ 
we see^ with a double siu-prisei the great energy which it. 
displays to break its barriers, either when its moleculse. 
are given up to the force which acts to enchain them, or, 
when they are shot forth by the force which tends to se- 
parate them one from another. 

(p) As the raccinct iccount which is here given of the nature of Sttun* 
engines, is not likely to satisfy many readers in this country: those who 
wish to acquaint thetnselves more minutely with the prini^iples and man- 
ner - of operation of this most important class of machines, may he re- 
ferred to the works mentioned below:— The Repertory of Arts and M«*. 
nufactures, the Philosophicil Journal, and the Philosophical Magazine, 
in various places ; the second volume of Mr. Brewster's edition of Fergu- 
son's Select Lectures, the second volume of Gregory's Mechanics, and the 
secoBd volume of Pioiiy*^ treatise entitled NouTeUf Architector^ H/dnui* 
^ique. Tb. 
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IV- ON THE AIR. 



243. After having elucidated th* properties of t^e li- 
quid which bathes the surface of our globe, or glides along' 
within it, we shall proceed to those of the invisible fluid 
which surrounds it to a great height. Here a very lively 
self interest is bleuded with that which the science inspires? 
of itself, to solicit us towards the study of this fluid; in 
ttie midst of which we are continually immersed, which 
acts upon us in so many diflerent ways, and to which we 
ar^ indebted both for the preservation of life, and for 
liimishing us with one of its principal delights; sinc^ it i^ 
to the air that we first commit our thoughts, to be trans- 
mitted to others, with the words which are their symbols. 

244, It tas been ;;em^ked, in all times, that the air 
h always charge4 by a more or less considerable quantity 
of heterogeneous principles, of emanations of diflerent 
kinds, and especially of aqueous vapours. But the air 
when supposed to be disengaged from all these foreign 
matters which affect its purity, was regarded as a simple 
being, and one of the four elements into which all bodies 
might be resolved by an ultimate analysis. It is now 
proved, however, that this fluid is constituted of two very 
different principles, one of which has been named oxygen 
gasy and the ot\\QT' azotic gas {q). The first, if it existed 

{q) The determination of the nature and proportion of the constituent 
parts of the atmosphere is a delicate problem, respecting which it is 
reasonable to expect some slight difference in the results. According to 
the experiments of Mr. Dahon, in a given volume of atmospheric air 
taken at the surface of the earth, and assumed as unity, the weight of ihc 
azote is 0*7353, of the oxygen 0*2332, the aqueous vapour o 0103, the 
carbonic acid gas OOOI. He concludes that thp proportion of aqueous 
vapour is variable in different places: it is probable also, he says, that 
hydrogen is present in the atmosphere, but in too small a proportion to 
be detected by any experiment we are acquainted with. 

Mr. Cavendish is the first who endeavoured to establish that the pro- 
portions of the two principal elements of the atmospheric air were con^ 
stant, notwithstanding ^he distance of places and the difference of tem-r 
peratur^s. The observations since made by M. d^ Mairy iq Spain^ M. 
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a}one> vould be tdorespirable, and would consume our 
life; the second^ when we have procured it singly, would 
suffocate the animals that are immersed in it. From the 
mixture of the 'two is formed z fluid perfectly adapted to , 
the functions of the animal economy. The details re- 
lative to this object) as well as the manner in which the 
air is decomposed by respiration^ appertains to the science 
which unveils to us the true nature of this fluid. We 
shall contemplate it here only in its ordinary state, and 
we shall refer to four distinct points of view the truths 
which WQ propose to develope. The first will shew tis 
the properties which the air most constantly exhibits, such 
as its heaviness and its elasticity; the second will conv*- 
prehend those which result from its dilatation by a super- 
abundance of caloric; the third will relate to its unioa 
with water, of which it is the dissolvant ; the last will 
have for its object that particular vibratory motion, by the 
aid of which the air becomes the vehicle of sound. 

1. On the Heaviness and Elasticity of the Air. 

24.^. Galileo, whose name is presented as of itselfi^ 
wheneirer the enquiry relates to the first researches con- 

BerthoUet in Egypt and in France, Mr. Davy in England, and by Dr. Bed<* 
does on the air brought from the coast ot Guinea, seem to have conBriued 
this grand result. But one of the finest experiments made on this subject 
is that of Gay-Lussac in France, who, having been elevated alone in a 
balloon to the height of 0goo metres, the greatest ever attained by any 
]^rson, brought some atmospheric air from these regions. This air^ 
being analysed on his return, compararively with that on the surface of 
the earth, gave the same principles in the same proportions ; a proof 
that the chemioal constitution of the atmosphere at these great heights it 
the same as at the surface of the earths This result has been since con- 
firmed by the experiments made by Messrs. Humboldt and Gay-Lussae 
on eudiometry. The air of the surface of the 'earth, analysed at different 
days, at various hours and temperatures, presented no change in its com- 
position: it always contained 0*91 of oxygen in volume, o 783 of azote, 
0*003 of hydrogen, aj^d 0004 of carbonic «cid. Biot and Arrago have 
also lately -verified this grand result The atmospheric air, analysed in 
places, the most distant from each other, in deep valleys, on high moun- 
tains, oa banlLs of lakes, and in the glaciers of Chamouny, always pro* 
sant6d $o them the vimt composition. Tr. 
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cerning gravity, had verified that at the iifi which iru 
denied ahnost tmiTersally before him, thov^ it had beat 
discovered by some few philosophers of amic^iky. This 
celebrated philosopher having injected air into ^ glass ves^ 
mif so that it there remained compressed, found thai the 
i«ssel weighed more than when the contained ^ wa» hi 
k^ natural state. He enquired abo, by another ex^^ 
fittient, tbe heaviness of this fluid compared with that 
^ water; but he found it only in tbe ratio tt unity fd 
400, much too small, as we shall soon see. 

246. Tbe pneumatic machine, or air-pump, wai not 
then Itnown. It is to Otto Gnericke, a bnrgo-masteir 
of Magdeburg^ that we are indebted for the inventioo 
ef this elegant machine, which is not, hke SKufky olhersy 
confined to one part of experimental philosophy, fofi 
allmiost all branches derive aid from it» 

This maehine, when reduced to its greatest miw 
plicity^ is composed of a vertical cytinder tA brasa^ itb 
which a piston i^ moved ; its upper base carries a cock^ 
above which is soldered a circular brass plate situdtecl 
horizontally. On this plate the receiver is placed from 
which we would exhaust the air, which is executed by 
making tbe piston descend and ascend alternately* In 
tlie first case tlie cock is opened in such a m^ntl^r 
as to establish a communication between the capacity 
of the receiver and that of the cylinder; when the 
)»ston has descended, the cock is shut, but its key 
is pierced by an orifice so disposed, that it gives art 
issue to tbe air which the piston drives before it when 
it is elevated, without permitting it to enter again int<* 
the receiver. The construction of this macliine has 
been greatly varied : the English have contrived ttt6 
bodies to the pump, the pistons of which are worked 
bv means of a winch-handle and a rack and wheel ; 
diiFerent valves alternately open and intercept the 
communication between the receiver and the bodies df 
the pump, and between these latter and the exterioi; 
air J so ths^t the cock need only be open^ twice, vui« 
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once before the experiment, to give a passage to the 
air vhich riiouid come from the receiver, and agaia 
at tke end to maintain the vacuum (rj, 

247. By making use of this instrument, the gravity 
of tlie air has been veriiied by a very simple expe- 
riment, which consists in first weighing a bali or blad-> 
der fuU of air, and then weighing it anew after having 
made the vacuum: a sensible diminution will be per<« 
ceivecl in the weight of the bail. 

248. Philosophers have attempted likewise to deter* 
mine, with precision, the specific gravity of the air. 
According to the results of Deluc, the ratio between 
the weight of common air and dbtilied water at the tem- 
perature of thawing ice, and under a medium pressure 
of 22tl'9 English inches of mercury, is that of 1 to 760; 
and frcMii the experiments of Lavoisier it follows, that 
a cubic hich of air, taken at 10 degrees of Reaumur, 
weighs 0'46005 grains, and that the weight of a cubic 
foot of the same fluid is one ounce, three drams, and- 
three jpraias (sj. 

249. The gravity of the air being once known, it 
shonM seem that it could not be difficult to perceive 
that the ascent of water, in the body of a pump, must 
be occasioned by the pressure of that fluid. But it 
Beaded ," to draw thither the attention c^ philosophers^ 
«ne of those unexpected observations that are caU 
ct^ated to excite in the mind that species of inquietude 
apd agitation which is favourable to discoveries. 

(r) A.gfieait variety of a(r*puinpfiy of ingenious constructions, have been 
Moe n tl y ilkvented In Esglaad; for descriptions of which the reader may 
«basidt tlM different petto(aamot$y except Pron/s» oientioaed in the pre^ 
istding notg, Ta. 

(«> 9nsiQn> as cited by Ubes (Nouvtw PicUonnairt de Physique, I. Si), 
^tes 1 to S10» as the ratio between the weights of conunon air and water, 
m the teioperatttre of thawii% ice and under the medium atmospheric 
prenofo. The* mean between this ratio and that of Deluc, that is to say. 
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Ute m&^tlt 1 to ^iioXTSo, or 1 to 7t4 nearly, eorrespondt bettet than 
leiAtr of Hieia with die ratio utually ataigned by Engtiah ^hilosoi^iera. 
Bar afaaee aSr expands by about the 48Stii of hs own bulk for each die^ee 
of heat upon Fahrenheit's thermometer, and since the d tfe rr n ce betwvaen 
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We know that the ancient philosophers, \^hcn they 
were asked why water ascended in pumps, djsguiscd 
their ignorance by answering that nature ab /toned a 
vacuum; which was nothing else than a pompous, and 
imposing manner of acknowledging that theyi were 
unacquainted with the matter. Some Italian coiidoit-^ 
makers being asked if they wonld construct sucking^ 
pumps^ whose ^tubes should be more than 33 feet in 
height, remarked with surprise that the wafer refused 
to rise above that limit. They requested of Qalileo 
the c:fi^pIicatton of this singi^lar fact y and it is affirmed 
that that philosopher, being taken unawares, replied 
that nature did not entertain the horrar of ^ v^niun 
beyond thirty-three feet. Torricelli, a disciple of Ga- 
lileo^ having meditated upon this phenomenonV conjec- 
tured that water is elevated in pumps by the pressure 
of the exterior air, and that this pressure has only the 
degree of force necessary to counterbalance the weight 
of a column of water of 33 feet. 

He verified this conjecture by an experiment,, for 
ivhich natural philosophy owes him a double obliga- 
tion, since it serves to render evident an important 
discovery, while it has procured us the barometer. 
Torricelli saw the mercury stand at 28 inches (29*9 
English inches) ^i a glass tube, sealed at its upper 
part, and situated vertically ^ and the height thus 
under consideration being to that of thirty-three feet 
in the inverse ratio of the densities of water and gf 
mercury, he concluded that the phenomenon belonged 
to statics, and that it was really, as he had conjectured^ 
the pressure of the air which caused water or mer- 
cury to rise until an equilibrium was produced. 

This occcurred in 1643. The year following the 
news of Torricelli's experiment was disseminated in 

d>*» on Fahrenheit and the temperature of thawing ice ia, 55— ^2-or la, 
we shall then have 1 to 7 84X4!^ of 784, or 1 to 825 nearly, for thAiati* 
of tlie weights, or of the densities, when the barometer is at S9'9 and Fali^ 
lenhcit's thermometer at 55^. Tr. 
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France by a letter written from Italy to father Mer- 
^enne. The experiment was performed afresh in 1646| 
by Mersenne and Pascal; and the latter devised, in 
164-7, a method of rendering it still more decisive 
by making it at different altitudes. He invited, in 
consequence j his friend Perrier to repeat the expe- 
riment upon the- mountain called Puy-de-Domc, and' 
to observe whether the column of mercury would 
descend in the tube in proportion as it became more 
elevated. We may see from the letter of Pascal to 
Perrier, where he seems to avoid the name of Tor- 
ricelli, that he had not yet entirely renounced the 
chimera of the horror at a vacuum which was attri* 
buted to nature, and that by admitting that this horror 
was not invincible, he was not bold enough to assert 
that it never obtained. The full success of the ex- 
periment accomplished the removal of this delusion. 
Yet this experiment was only a confirmation of that by 
Torricelli, and therefore yielded an additional ray to 
the stream of light which issued from it. 

^50. The pressure of the atmosphere upon a given 
surface, being nearly the same as would be exerted 
upon that surface by a column of water of 33 feet 
high, from this datum has been computed the effect of 
the pressure under consideration with .respect to a 
man of medium magnitude, and it has been found that 
it is equivalent to a weight of about 33600 pounds,, or 
•16000 kilogrammes. Such was the weight sustained 
by tbose ancient philosophers who seriously denied the 
gravity of the air. 

Considerable as this weight is, its pressure is ex* 
erted, so to speak, unknown to us, because it is conti- 
nually balanced by the re-action of the elastic fluids 
compi^ised in the interior cavities of our bodies; and 
t^ioaghdie air is subject to continual variationS| wluch 
^augment or diminish its density, in consequence of 
changes of tupperature^ and of the action of;, different 
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natural causes, yet as these variations are genentlljr 
confined ivithin narrow limits, and succeed each other 
with comparative tardiness, they do not affect us com** 
monly, except in a, manner scarcely perceptible. But 
if there happen a sudden change, as when a man is 
raised to great heights, the rupture of equilibrium 
which ensues has a very marked influence upon the 
animal economy. He then experiences an extreme 
fititigue, an absolute inability to continue his progress, 
a drowsiness under which he sinks in spite of himself: 
the respiration becomes thick and difficult; the pulsa«> 
tions take an accelerated motion*. To explain these 
.effects, it must be considered that the state of well 
being, in all jthat depends upon respiration, requnret 
that a determinate quantity of aic should pass througk 
the lungs in a given time. If thereforeHhe air that we 
respire becomes much more rare, the inspirations must 
of necessity be proportionally more frequent ; which 
will render the respiration more difficult, and will oc- 
casion the various symptoms we have spoken of. 

With regard to the inconveniences that would result 
from an air too condensed, man is not exposed to 
them by the action of natural causes; and it appears 
that in general they are less than those which are 
caused by the rarefaction of the air. We need only 
cite here as a proof of the small magnitude of these in* 
conventencies, that which happens to divers, when they 
have been shut up williin a bell which descended vex* 
tically in tl>e water, and in which the air, pressed bjf 
the weight of the surrounding columns^ contracts itself 
more and more, in proportion as the vessel is found at 
a greater depth* The accidents which have occurred 
to those who have continued for a certain time under 
the bell^ have arisen in great part from the aiteratioii 
produced in the air by respiration, and tb^t 

* St«tt9ttre, Vayagc dins l«s Alf^, Kos. 5»0 aa4 *iMi« 
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was most dangerous in this fluid was the defect of 
renewing it (tj. 



On the Barometer. 

251. The details relative to the construction of the 
barometer naturally claim a place here. This instru- 
ment, reduced to its greatest simplicity, consists of 
a glass tube of more than thirty (thirty-two English) 
inches iiigh, and hermetically sealed at top. This 
tube is filled with mercury, which has been carefully 
boiled, to purge it of air; afterwards, holding^ the 
finger applied to the inferior orifice, the tube is re- 
versed, and that end plunged into a little glass cup, 
wherein mercury has likewise been poured. The 
finger being withdrawn, we shall immediately see the 
mercury descend in the tube to the height of about 2S 
(^9*9 English) inches: then this tube, with its little 
basio, is applied to a plate divided into inches and 
lines, reckoned from the upper surface of the mercury 



(0 t>r. Hutton {Math, and Phil, Dictionary, I. 106) has often heard 
die late unfortunate Mr. Spalding relate his method of descending with 
the diving-bell. He always found it absolutely necessary to descend with 
the bell very slowly, first for about 5 or .0 fathoms, and then to stop 
awhile : for he felt an uneasiness in his head and ears, which increased 
more and more as he descended, till he was obliged to stop at the depth 
above mentioned, where the density of the air in the bell was nearly 
doubled. Having remained there awhile, he felt his ears give a suddea 
crack, after which he was soon relieved from any uneasiness in that part^ 
and it seemed to him as though- the density of the air was no( altered. He 
then descended other 5 or 6 fathoms, with the same precaution and the 
same sensations as before, being again relieved in a similar manner, aftet 
leroaining awhile at the next stage of his descent, wh«|^ 4l& dl(n«ity of the 
1^ was tripled. And thus he proceeded tp a great depth, always with 
the same circumstances, repeated at every live or six fiithotns, and adding 
81 pressure equivalent to that of the atmosphepe $1 vffij new aogmtntatioa 
•f the descent. Tb. 

yoL. I, a 
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contained in the basin. Thus have we- a means of ob- 
serving the variations in the pressure of the air, occa* 
sioned by causes on which the phenomena of meteoro- 
logy depend. 

252. This construction is liable to an imperfection, 
which prevents the motions of the column of mercury, 
estimated according to the indications of the scale, 
from being exactly proportional to the different pres- 
sures of the air : for, as that column rises or descends, 
it causes a small portion of the mercury contained 
in the cistern or basin to pas^ into the tube or to 
re-enter into that basin, which varies the position of 
the upper surface of its contained liquid ; so that it does 
not constantly correspond to the zero of the scale, 
which is, notwithstanding, the term of departure ta 
which is referred the observation of the height agreeing 
with the extremity of the column upon the same scale. 
This imperfection is so much the less perceptible, aa^ 
the basin has more breadth about the place of the line 
of level. Different methods have been contrived to 
make this disappear: for example, in certain baro-^ 
meters the scale is rendered moveable in the direction 
of its height; in such manner that, with the aid of 
a micrometer screw, one can always bring the line of 
level to stand exactly opposite the zero of the scale* 
In such case there is substituted for the basin a portion 
of the tube of tlie instrument, which is here turned up 
again, at its inferior part, the sensible variation of the 
level which results may always be corrected by the 
motion of the scale. Other philosophers have em- 
ployed a second cistern of a greater capacity, and 
partly filled with mercury in which the basin of the 
barometer is entirely immersed. When an observatiofei 
is to be made, the barometer, with its basin, is elevated 
above the surrounding mercury ; and then, as that 
' basin is always found full, the line of the level givqa 
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by the upper surface of the mercury which it con- 
tains, retains a fixed position with respect to the gra« 
duation fuj. 

253. It is manifest from the preceding remarks that 
the scale of the barometer is regulated by a principle 
completely distinct from that of the thermometer. 
The motions of the liquor in the latter instrument are 
measured in parts proportional to the distance betweea 
the two limits given by observation ; they differ in dif- 
ferent thermometers, though by similar degrees when 
the circumstances are the same : in the barometer, on 
the contrary, where there is only one fixed terrn^ 

(h) M. Pughy in his Obtervations sur la Pesanteur de VAtmospherCt &c. 
published at Rouen, directs that to remedy the inconveniences attendant 
upon the upright barometers, a graduated ruler should be applied parallel 
to the tube having its lower end floating on the surface of the mercury, 
in the cistern, according to the motion of which the scale will ascend or 
descend. Two or three supports, through which the ruler may pass so as 
to move freely, will be sufficient to keep it parallel to the column of mer- 
cury, whose length will be always visible; but for greater exactness a 
inoveable index with a vernier may be adapted to the scale, in such a man* 
ner that one end shall be on a level with the surface Of the mercury 
in the tube while the vernier indicates the exact measure of the column. 

Wheel- barometers may also be constructed to avoid most of the defects 
hitherto thought unavoidable in such instruments, thus: Let a solid piece 
of glass, in the form of a pear, float upon the surfaice of the mercury in the 
tube: to the bottom of this ball let a piece of thread be attached, which, 
may descend quite through the column of mercury, and pass round a 
pulley placed under the orifice of the tube, from whence let it proceed to a 
second pulley, placed parallel to the former in the cistern, and afterwards 
over the pulley in the centre, which gives motion to the index : at the 
extremity of this thread must be fUed another small solid ball of glass to 
give motion to the index when the mercury descend* . 

On account of the two pulleys it will be necessary to make the cistern 
of such a 81^, that if the column of mercury should experience the whole 
extent of the variation, the height of the mercury in the eistern may suf- 
fer n6 visible change : thus, suppose that the diameter of the cistern is 4 
inches, the total variation of the column will occasion a dif&rence 9^4th 
part of an inch in the height of the mercury in the cistern, which is equi- 
valent to an angle of 5 degrees formed by the index ; but if the diameter of 
the cistern be inches instead of 4, the difference will nOt exoSfd 4|tb of 
«a inch, corre^ondiog to an angle of s^ degrees. Tr. 

a2 
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namelVy the level of the mercury in the cistern which 
is established of itself at the first instant, the height of 
the column is measured in an absolute manner ; and it 
increases or diminishes by equal degrees, in the dif- 
ferent barometers subjected to the same variations of 
the atmosphere. 

If we would introduce the decimal divi^non into the 
barometer scale,, the limits of tlie variations of whose 
column extend over the space comprised between 
26 and 29 French inches nearly ; they correspond, the 
one to 70, and the other to 78 centimetres, from the 
line of level, which makes 8 centimetres for the field of 
observation ; in the same case, the mean lieight of 29 
inches will answer to 758 millimetres. 



On the Elasticity of the Air. 

254. The elasticity of the air, in considering which 
we shall now be occupied, is verified by several well- 
known experiments. One of the most ordinary is that 
in which we employ the machine called \h.e fountain of 
compression. It consists of a metallic vessel of a 
rounded form, its summit being pierced with an ori- 
fice, through which the vessel may be filled with water 
to about the two-thirds of its capacity. In this aper- 
ture a tube is then fixed, which descends into the ves- 
sel until it is within a little distance of the bottom, 
while its upper part, which projects from the orifice, 
is furnish(?d with a cock. To this same part a 
forcing pump is adapted, and the cock being opened, 
a great quantity of air is injected into the vessel: this 
air, being lighter than the water, rises above it, andiits 
elasticity augments with its density, in proportion as 
new strokes are given to the piston. Then,, after 
closing the cock, the pump is removed, and a kind of 
little hollow cone is substituted for it, open at its sum* 
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mit^ which is turned upwards: as soon as the cock is 
again opened, the condensed air exerts its force upon 
the surface of the water, and drives it through the 
canal that is ininnersed into that liquid, whence it is 
seen to shoot out, under the form of a jet of above ten 
metres (more than 30 feet) in height. 

255. An analogous effect may be obtained, solely 
by the slackening of the natural elasticity of the air, 
by placing under the receiver of an air-pump a little 
vessel, in which all is similar to what the fountain of 
compression presents, at the moment when the cock 
is opened to give a free passage to tlie water, except 
that the air situated above this liquid is in its ordinary 
state. While the exhaustion is going on, the air in- 
cluded in the vessel, and whose pressure upon the 
water is no longer balanced by that of the exterior air, 
dilates itself, and gives birth to a jet which rises under 
the receiver. 

256. But the most interesting experiment relative 
to this object is that of Boyle and of Mariotte, to shew 
that the air contracts itself nearly in the ratio of the 
Weights with which it is pressied. These kinds of expe- 
riments merit the preference, since they are not con- 
fined to merely proving the existence of a phenomenon^ 
but make known also how it exists, by determining the 
law to which it is subjected. 

Let us take a glass tube, bent into two branches, the 
shortest of which is adout 32 centimetres or 12 inches 
high ; it must be equally thick throughout, and herme- 
tically sealed at its extremity. The other branchy 
which is open, should be at least 26 decimetres, or 
eight feet in height. The whole is fixed upon a plate 
which carries a division adapted to the two tubes. 
First, let there be poured into the bent part a little 
mercury, to obtain a line of level, that we may estimate 
the number of degrees comprised between that line 
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and the superior extremity of tbe shortest brancb. la 
this state of things the air which occopies diat branch 
maintains an equihbrium by its elasticity, with the 
pressure of the column of atmospheric air g r aiila iii^ 
in the other branch, and whose pressure is transmitted 
by means of the mercury comprised in the inferior 
curvature. This pressure, as we have seen (251) is 
equdi to that of a mercurial column of about 76 coiti- 
metres, or 29 '9 English inches in height. Afterwards, 
let mercury be poured into the longest branch, and at 
the same time the air in the other branch will be con- 
densed; by the excess of ttie resulting pressure the 
mercury will rise in the shorter branch until an equili* 
brium is again produced. Then measure, on one put, 
the length of that column of compressed air, and on 
the other the excess of the column of mercury con- 
tained in the longest branch , above that which oc-^ 
cupies the shortest. We will suppose, for more sim- 
plicit}^, that this excess is equal to 76 centimetres ; in 
that case, we shall iind that the column of compressed 
air is reduced to the half of the height which it occu- 
pied previous to the introduction of the fresh mercury. 
But that column is cliarged with a^weight double of 
the former, since a pressure of 76 centimetres of mer- 
cury is added to an equal pressure exerted by the 
atmospheric air, and \^hich is not considered as being 
diminished; for we may neglect the small difference 
which results from this, that the 76 centimetres w hich 
terminate the atmospheric column at bottom are actu- 
ally occupied by the mercury. In general, if we take 
the ratio between the first pressure due to the column 
of the atmosphere, and any other pressure whatever 
exerted by that same column and by the mercury su- 
peradded, the corresponding spaces, occupied by the 
compressed air, will be respectively in the inverse 
ratio of the pressures ; wlience it is obvious that the 
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ait contracts itself, as we have stated, in proportion 
to the weights compressing it. If we afterwards take 
out the mercury at several distinct times, the air 
will expand by reason of its elasticity, and the 
spaces which it will successively occupy in a con- 
trary order will still conform to the inverse ratio of the 
pressures. 

Nevertheless, it is probable that this ratio is only 
sensibly exact between certain limits, even when it is 
supposed that the air submitted to the experiment is 
dry and continues always at the same temperature, 
a necessary condition. We may find in writers on 
physics many results of experiments which would 
tend to prove that they have pushed the contraction 
and dilatation of the air very far, by the augmentation 
-or the diminution of pressure; but it does not appear 
that much can be said as to the precision of those 
results (vj, 

{v) M. Haiiy might have spoken with less hesitation on this topic; for 
it is now well known that the Boyleon law is limited to small com- 
pressions. Sutzer compressed air into \ of its former dimensions, and 
shewed clearly that the elasticities do not increase so fast as the densities. 
Other experiments for the same purpose were instituted by the late pro- 
fessor Robison, who also proved that, in dry air, the elasticities do not 
increase so rapidly as the densities, the differences being indeed rather 
greater than those given by Sulzer. He also made experiments on damp 
air in a warm summer's morning : in these it appears that the elasticities 
are almost precisely proportional to the densities -f- a small constant 
quantity, deviating from this rule chiefly between the densities i and 1*5. 
When air was strongly impregnated with vapours of camphire, the ex- 
periments were tolerably conformable to the Boykan law: or ratheri 
the elasticity seemed to increase a iittle faster than the density. Ta. 
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Various Phenomena produced by the Gravity 
and Elasticity of the Air. 

25 7» l£ we suppose, for an instant, that the air of the 
atmosphere has the same density throughout, and that we 
afterwards pay attention to the effect of gravity on the 
different strata of this elastic fluid, it is easy to conceive 
that each stratum or bed being compressed by the weight 
of the superincumbent ones, will be contracted in the di- 
rection of its height, and that, moreover, the densities of 
tl^ese strata will diminish in proportion as being at a 
greater distance from the surface of the earth they would 
be pressed by a smaller number of superior layers. This 
is what obtains effectively with regard to the atmosphere. 
We shall shew, in the sequel, the law of this diminution, 
and the method which has been deduced from it for 
measuring altitudes by means of the barometer. 

258. We may conceive, in like manner, that any part 
whatever of a column of the atmosphere, taken at the 
surface of the earth, must always maintain an equilibrium 
by its elasticity with the pressure of the superior part. 
Thus the air exactly contained in a cup which has been de- 
posited in an inverted situation, on a perfectly even plane^ 
will make just as great an effo^ to thrust the bottom of 
the vessel upwards, as the exterior air to push it in a con- 
trary direction; so that no difficulty would be expe- 
rienced in removing this vessel, which indeed is conform- 
able to observation. 

But if a more or less considerable quantity of the 
interior air be suppressed, as is the case, in fact, when a 
vacuum is made under the receiver of an air-pump, then 
the pressure of the exterior air being no longer balaficed 
by the contrary action of that which remains under the 
receiver, there will result a difficulty in detaching this 
receiver from the plate, which will be so much the greater 
as tUc vacuum approaches nearer to being perfect. 
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^59. It follows again from the principles pre^onsly 
established, that if there be taken at the surface of the 
earth a certain quantity of air whose spring will of con- 
sequence maintain an equilibrium with a pressure of 
about 76 centimetres {30 English inches) of mercury, and 
that air be let into a void space where it may dilate Itself; 
its elastic force, diminished by the dilatation^ will be to die 
primitive force, in the inverse ratio of the volumes or 
of the spaces relative to the two successive states of the 
fluid. This may be verified by the aid of an interestinj^ 
experiment, which consists in introducing into a comnuHi 
barometer a determinate quantity of air, employing fbr 
the measure a tube of the same diameter as that of the 
barometer, and whose height is known. That air having; 
reached the top of the column of mercury, will expand 
by its elasticity^ in the void space it there meets with^ 
and will cause the mercury to be depressed, until the 
elastic force of the air joined to the weight of the mer- 
cury remaining in the tube, will be in equilibrio with the 
pressure of the atmosphere. We may determine before- 
hand, by a simple computation, the height of the space 
into which the air must expand itself, or, which comes to 
the $ame, the height at which the column of xnercurjr 
niust stand. For example, if the tube be 90 centimetres 
in height> and there be introduced 8'25 centimetres of 
air^ it will be found, on the supposition that the pressure 
of £he atmospheric air to which the mercury was at first 
subjected was of 76 centimetres, that this liquid wIH 
descend to 57 centimetres above the level in the cistern; 
wo that the space occupied by the air will be 33 centi- 
metres *• 

• Let, in gcnefal, \ be the height of the tube comincndy at the line 
of level in the basin, p the pressure of the atmosphere, as measured >y the 
barometer, n the quantity of air, or the part of the tube's length which it 
Vould oocapy if it retained its primitive densit}', and let jr be the height 
»t which the meicury will stand after the dilatation of the air; then A«- v 
will be th« part of the b^i^lu of the tube ixuo whic^ tlie air will diffuse 



2r.(K Tliis conducts us to the explication of the eficcts 
produced by the fcjuniaiii to wliich the name of inter- 
tni/lifig fountain \v.u been given, and of which tiiis is the 
construction. ABC {fig. '26. pi. IV.) is a globe of glass 
or of any other substance, pierced with several holes, to 
which are adapted the little tubes n, o, r, j, and traversed 
»n ihe direction of its vertical axis by a tube C Z, whose 
upper part » is raised to within a small distance of the 
summit 0, and ivhose lower part is fitted esactly into the 
hollow cylinder S D, fixed at ihe bottom of a cirtera 
MT. The lower part of this cylinder is hollowed la- 
terally at iif so that there is a free communication between 
the air contained in the vessel ABC, and the exterior air. 
TTie cistern M T is pierced with a little hole, by naeans of 



itsetf by expanding. Now the spacfs oceupkd by Ihe air in ils two rtates 
being in llie inveiee lUia oi the deniilie^i we jliall have h-i : n : : p : 
'^ -, wliich will cipicM the density or the force of ibe dilated aii. But 

this Ucier qiunlity, iiugnieT;ted by i which eipreises Ibe hci^t, and at . 
the same'limc the force of the mcicury, must be in ciiuiJibtia wiih the 

piESsurc of the aimo^phete. Therefotc ~ -{- x ^= ji, whence we de- 



4\iix^'—{k+p)i = np—hp, and* = -- 0-±i \/ ^„p^^l,~p)\ 

It we make * := 00 cent., n ^ S-iS cent.* as above, we shall linJ 
I =*57', and ) := lOD. The first value belong!! to the present supposition, , 
»ndei«s 70— S7 or IB centimetres, for the expression of the force of the' 
dilated air. The second value relates lo anolhei problem, in which it is 
supposed that there is a tube dosed at bottom, open at top, and of a height 
equal (0 A. There is supposed, moreover, at the bollom of the tube I 
' column oF mercury, whose height, or, which amounts to the same, whose 
pressUEe, wa&equal top; then above this a columu of aic whichi under 
Ihe pressure oF Ihe atmosphere, would occupy the space n^ and finallf, 
above this latter, a new column of mercury which filled the rest of the 

air Itijuded in the tube- will then rljl.ne itself, e.ipelling a portion of the 
t'*:.:urial column wtiicti presses upon it, until its elastic force is in equi' 
lilitM) with the remaindei of that supc [incumbent ciilumn. Ip this ease 
the quantity i which it is required to determine will be the distance be- 
tween the bottom of the tube and tlial of the supeiitjr column of mercury 
•fter tlie diUtalionof Itisiiii. • . ■ ■ 
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ti^Kich It communicates with a reservoir K placed below 
it. When we would make use of this foimtain, we must 
take the tube C Z from the cylinder S D, and then invert 
it in order to pour through it water into the vessel A B Cy 
until the latter is full. The tube is then to be turned 
again, and replaced in the cylinder SD: at this moment 
the exterior air which enters freely by the cavity i/, will 
«xert its pressure upon the surface ab of the liquid: it will 
also act with a force, equal as to sense, upon the water 
which tends to spout forth from the tubes «, Of r, /, in 
such manner that in this respect the water is in equi- 
librium between the two forces of the air. It will there- 
fore flow from the little tubes in virtue of its proper 
weight. In proportion as this water falls into the cistern 
M T, a part will pass through the hole with which its 
bottom IS pierced; but as it receives more than it thus 
loses, there will be a term when the cavity u will be so 
stopped up with water that the air can no longer enter 
into the vessel ABC. Nevertheless the water will con- 
tinue to run out for a short interval, while the interior 
air dilates itself, and its spring becomes so weakened that 
this force together with the weight of the water are in 
equilibrio with the pressure of the air at the orifices of 
the tubes /?, 0, r, / ; then will the discharge which is made 
by these tubes stop at once. But the cistern M T con- 
tinuing to empty itself, it will soon happen that the 
cavity u becomes again open, and that the air is again in- 
troduced into the vessel A B C, so that the little tubes 
^ill recommence their delivery of water. The fountain 
will thus flow and cease alternately, until the vessel which 
furnishes the water is emptied. 



On Pumps. 

261. We might limit ourselves to pointing out, ge- 
nerally, the air as the cause of the elevation of water 
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in the body of a pump. But the manner in which 
the exterior pressure of this fluid is combincfd with 
another action, which it exerts within and which 
depends on its dasticity, is susceptible of ^me details^ 
the more worthy of our attention, as they tend to make 
known one of the most elegant and useful productions of 
mechanics. ' 

All pumps may be reduced to three kinds; namely, 
the lifting pumpf the sticking pump ^ 2Xid the forcing pump ^ 
called by the French foulante and aspirante^ because it 
combines the effects of the two former. 

262. The lifting pump has its piston placed below the 
jevel of the water. It is constructed in two different 

.ways: in the first, the rod / (fig. 27. PI. IV.) of the piston 
P is situated beneath it, and the piston is pierced with a 
vertical cavity, whose upper aperture is furnished with 
a valve s turning on a joint. When the piston is at rest> 
it occupies the bottom of the body of the pump, within 
which the water is introduced of itself, through the pis- 
ton, whose valve it raises up, by its tendency to find its 
level. Near the place m n of this level the body of the 
pump, likewise, is furnished with another such valve /, 
which performs the ofiice of a second bottom moveable 
upwards; this is sometimes called the sleeping valve. 
While the piston is elevated by means of a motion com- 
municated to the rod, the valve s becomes shut, and the 
water with which it is loaded rises with it till it reaches 
the sleeping valve /, which is forced open to give a pas- 
sage to that water : then the s^me valve shuts again by its 
weight, and prevents the liquid from running out. The 
piston acquires by descending a new load of water with 
which it remounts, to deposit it at the same place as the 
former ; so that the water may thus be elevated to an 
arbitrary height, provided the mover has a suflicient 
force. 

263. The pumps of the second construction differ from 
the preceding, by the position of the rod, which is siiu- 
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:ited above the piston ; a farther difference consists in the 
circumstance that the piston is solid (or without any ca- 
vity), and rests upon a valve with which the bottom of 
the pump is furnished. When the piston is raised the 
water follows it to gain its level ; during its descent it 
forces this water into a lateral tube, wherein it opens n 
passage by lifting up a sucker, which falls again as soon 
as the piston has arrived at the bottom of its course. 

264. The sucking pump represented fig. 28, has its 
piston P elevated above the upper surface, or level, m m 
of the water, to a height which should always be less than 
3S feet. This piston is hollow, and furnished with a 
valve s at its upper part. The body of the pump has a se- 
paration formed by another valve / at a certain distance 
below tte"' point iy where we conceive the stroke of the 
piston to be terminated downwards. When the piston is 
at rest in that position, the interior air comprised between 
the sleeping valve /' and the level m n of the water makes 
an equilibrium by its elasticity with the pressure of the 
exterior air. As to the air included in the space i/z9, 
above the sleeping sucker, and whose elasticity is sensibly 
equal to that of the inferior air, its effect is limited, for the 
moment, to the keeping that sucker closed. Afterwards 
when the piston rises, the air contained in the space klz9 
becomes dilated, that which is underneath the sleeping 
valve rises by reason of its excess of elasticity, and a part 
of it diffuses itself throughout the space i&/ 2 9. At the 
same time the water rises till it reaches [the term where 
the elasticity of the air, enfeebled by its dilatation, joined 
to the weight of the water which has risen beyond the 
level m /i, makes a sum equal to the pressure of the at- 
mosphere upon an equal base. This situation of things 
obtaining at the moment when the piston qeases to rise^ 
the sleeping valve being then between two volumes of 
air equally dilated, closes itself again by its own weight. 
The piston by descending compresses the volume of air 
included between its base and the sleeping valye ^ and as 
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the volume of that air exceeds the primitive volume by 2 
quantity equal to that which has entered the space klxo. 
It is evident that there b a point where it will become 
denser than in its first state, and then it will lift up, by its 
clasticity9 the valve s placed upon the piston, and a part of 
the water will continue to escape, until the remaining 2ur 
has resumed its natural density* While the ascending 
and descending motions of the piston are repeating,, the 
water continuing to mount arrives at the piston, which 
each time of being depressed, forces the liquid to pass 
through its orifice to be afterwards raised with it \ and so 
on successively until it is conveyed to the desired height. 

The construction of this species of pump requires cer- 
tain precautions, to obviate an inconvenience whidi^ at 
first view, appears singular. It is possible thatj^ water 
before it reaches the piston should stop all at once, and 
refuse to mount farther, although the reciprocating mor 
tion of the piston continues. To comprehend the possi- 
bility of this, we must remark that the weight of the 
water reckoning from the surface of that in the reservoir, 
augments continually in proportion as it rises, while the 
quantity of air which remains between the water and the 
base of the piston, and whose elasticity shews itself the 
more as the latter continues to rise, proceeds on the con- 
trary diminishing. Hence it results that the relation be- 
' tween the two forces which together react against the pres- 
sure of the atmosphere, varies continually ; and thus it may 
happen that the sum of these forces may at a certain 
term become capable of opposing to that pressure a greater 
resistance tlian it had done previously. Let us suppose^ 
ibr example, that the water has arrived at h f , and that it 
is there retained by any power whatever, while the piston 
IS raised from k I tofgy which is the limit of its motion. 
If the space hrgf left void by the upward motion be 
such that the elasticity of the air after its dilatation, joined 
to the weight of the water which is above the level, are in 
equilibrio with the pressure of the atmosphere, it is easy 
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to see that the water would not rise farther, even if it 
were not retained by an extraneous force ; since the con- 
dition requisite for the equilibrium is fuliilled bv the dila- 
tation of the air alone. 

If therefore the pump be so constructed that thc^re is a 
point where the hjrpothesis which we have been laying 
down may be realised} the water will remain stationary at 
that point. To {Movent this liypothesis from being ever 
admissible, and to cause the pump to render its service in 
cveij case, it is necessary that there should be between the 
stroke of the pbton and its greatest altitude above the 
level, a certain relation which may be detennined with 
facility by means of calculation *(w). 

2^S. The water is raised in the forcing pump, on the 
same principle as in the sucking pump. But here the 
piston is solid (without any perforation), and when the 
water has amved at its base, it pushes it back as itself is 
depressed, and forces it to pass into a lateral tube in such 
manner as obtains with respect to the second kind of lift- 
ing pump, of which we have spoken. 

This pump only differs from the preceding in the cir- 
cimistance that the water, instead of passing through the 
piston during its depression, is driven into an ap[^ropriate 
tube} so that this effect of the piston is considered as 
being more marked, and seems to be more characteristic 
of the action of forcing. 



• The rule to which the computation leads, is, that the square of the 
half of the greatest height of the piston above the surface of the water, or 
of the distance between/; and m n, must be less than 33 times the stroke 
of the piston^ which is measured by the distance between /i^ and k I. 

{yo) When the sucking pipe is of a smaller diameter thnn the body of 
the pump, if the condition above stated obtain, the pump cunnot fail to 
produce the proper effect: for the air is dilated with more facility in this 
latter case than when the whole is of the same internal diameter. But if 
the length of the stroke in a uniform pum]), which is requisite to render 
the machine effectual, be greater than can conveniently be made, it maj 
be diminished by contracting the diameter of the sucking pipe in the sub* 
duplicate ratio of the ^minutioa in tiie length of the stroke. Tr. 
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The Syphon. 

2G^. It is also to the pressure of the air diat,we mnsC 
the effects of the syphon, which serves to transfer" 
iquors from one vessel to another. This name is giveif 
to a tube of glass or of metal, bent into two brandies one 
cf which is longer than the other. This instnnfKnt most 
be so held that the bent part shall turn its ccmTexitj v^ 
wards. The shortest branch is plunged into the vessel 
which contains the liquor \ and the mouth being appEed 
to the orifice of the longest branch, the liquor is drawn hj 
sucking^ that is to say, the lungs are inflated, by which 
means a dilatatTon is produced in the air occupying the 
interior of the syjJion ; and immediately the air is intro- 
duced into the latter by the pressure of the exterior sur. 
When the syphon is fidl, the mouth (x) is taken away, 
auid the liquor continues to discharge itself at the extremity 
of the longer branch until the vessel is empty. 

The reason of this effect may be easily understood, if 
we consider that the air which corresponds to the orifice 
of the longest branch presses upwards, according to the 
law of all fluids, the column of water contained in that 
branch, while the air which is sustained by the surface of 
the liquid contained in the vessel, acts by the intervention 
of that liquid so as to press in the same direction the column 
occupying the shortest branch ; and it is evident that it 
will have no need to sustain more than the part of that 
column which is elevated above the surface of the liquid 
in the vessel. Now, the difference between this same 



(x) The operation of sucking out the liquor at the orifice of the longest 
Vranch, which is often both disagreeable and troublesome, may be prc- 
^nted by hnvini; an aperture at the top through which the syphon may 
be completely filled, and then that aperture closed again. Or if the sy- 
phon be small jt may be invcticd and filled with the liquid, which may be 
kept in by a finger applied at each end, until it is placed at the prc^r 
position for work, when the fingers may be removed. T<ii. 
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part and the column included in the longest branch, gives 
to the latter an excess of weight which is not, in any per- 
ceptible degree, balanced by the excess in the length of 
the coliunn of air which answers to the same branch ; and 
hence all that portion of the liquor which is not sus« 
tained by the air will fall ; and as it is incessantly replaced 
by that which proceeds from the vessel, the discharge can 
only terminate when the liquor is exhausted, or at least 
when it has sunk below the shorter branch of the syphon. 
261. A multitude of facts have been long known which 
have been usually attributed to the horror of nature 
for a vacuum, yet whose explication is presented as of 
itself, after the details into which we have entered re- 
lative to the heaviness and elasticity of the air. When 
we attempt to draw back the piston of a syringe whos0 
orifice is stopped up, we experience a strong resistance, 
as though the piston were attached to the bottom by a 
certain power, while in fact it is the weight of the air, 
which by pressing upon the superior part of that piston 
hinders its rising. For the same reason we separate with 
difficulty the pannels of a pair of bellows, whose flap ot 
valve and pipe are closed. When we place between the 
lips a tube whose lower part is immersed in Water, and 
suck up the interior air to produce the ascent of the liquid, 
the suction appears to be a force which acts by attraction, 
while it is nothing else than rendering preponderant the 
action of the exterior air, and thus causing the* elevation 
of the water in the tube. We might adduce many other 
effects of a similar kind, whose appearances are as delu« 
sions held forth to the imagination. 



On the Measure of Heights by the Ba- 
rometer. 

After having shewn in what manner the discovery of 
the pressure exerted by the air upon other bodies has 
VOL. J. & 
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contributed ta the perfecting the theory of that fiu^ it 
remains for us to shew an application of this discoreiy^ 
which has douUed the advantages of the bar o meter* 

The experiments of TorricelU presented this instni* 
ment to Natural Philosophy^ to facilitate and give ac^ 
curacy to the daily observations relative to the state of 
the air: those of Pascal gave birth to the idea of subsd- 
tndng itf in certain circumstances^ for the geometrical 
means employed for the measure ^ heights* 

268. The most simple method of a{qplying the barome- 
ter to thb use^ is founded upon an observation which can 
only be regarded as a first glimpse. It consists in sup- 
posing that in general one line (^ part of an inch) of di- 
minution in the mercurial colunm smswers to a difference 
of twelve toises and a half in the vertical altitude. Thit 
result expressed in the language of the new French 
measures^ gives 108 decimetres of elevation for each mil* 
limetre that the mercury is depressed. The employment 
of this method ought to be limited to heights not very 
considerable^ such^ for instance^ as do not exceed a thou- 
sand or twelve hundred toises above the surface of the 
seaO?). 

269. The law according to which the densities of the 
air decrease^ has furnished another method approaching 
much nearer to precision, and extending to all altitudes to 
which we can attain. Proceeding from the principle 
given by observation that the air is compressed in the 
ratio of the weights with which it is charged, it is proved 
that when the heights are in arithmetical progression^ 
thp^ corresponding densities are in geometrical progre^ 
sion; and it is manifest that these densities are in their 
turn proportional to the depressions of the mercury in 
the barometrical tube* 

{y) The applicat'iMi of this rale ought rather to be limited to ahitudei 
of abottt one-tenth the magpnitude oar author speaks of. If so simple a 
rule would give accvrate results to altitudes of 1300 toises, there would be, 
comparatively^ veiy few cases in which any other rule would be neoes- 
iftiy. "Tr. 



/ 
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270. This relation between the heights ahd the den« 
sities of the air corresponding to them may be demon** 
strated very simply. Let ab%s (fig. 29) be a slice of aif 
taken between the surface at of the earth and the limit 
/zof the atmosphere. Suppose this slice or trench di« 
vided into an infinitude of others of a thickness infinitely 
small^ by the paralleb dc^ ef^ gh, &c. to the line atp 
whose distances ad, de, egj Sec, are respectively equal : 
it is evident that the densities of these different slices con* 
tinually diminish from the line a t, and that^ moreover^ 
they are successively as the weights of the quantities of 
air situated above each of them, in such manner, for ex- 
ample, that the density of the slice a bcdwiH be to that 
of the following dc/e, as the weight of the air contained 
index sis to that of the air contained in e/z s. 

Conceive now a curve hpx s to be so traced that if the 
air contained in each space abcdy d cfe^ &c., were re- 
duced tin it only occupied the corresponding space a b 
ndf dnoe, &c., taken in the interior of the curve, 
the fluid would be found uniformly distributed In the 
total space terminated by that curve. It is easy to con- 
ceive how this hypothesis may obtain ; because the primi- 
tive densities of the air and the spaces a bn dy dnoe, &c., 
situated in the interior of the curve, being both in a di« 
fliinishing progression, we have the power of choosing 
such a curve, that the portions of air supposed to pass 
from the spaces bncfti cfoy &c., into the contiguous 
•spaces, tf3ii^, dnoej &c., shall augment the densities of 
the air which previously occupied these latter spaces, «o 
that their differences shall vanish. 

This granted, it is obvious that the spaces abnd^dnoe^ 
icc.f being so much the smaller as the primitive densities 
'diemselves are smaller, their ratio will be the same as that 
of those densities; farther, the spaces <//!/, eosj &c., si- 
tuated above the former, will be in succession as the 
weights of the quantities of air which compress that in- 
cluded in the sp^esabnd, dn oe, &c. An43ince the air 

k2 
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is condensed in the ratio of the weights with which it is- 
charge4>, it results that the spaces dus^ eosj Set., will be 
^Iso ^oportional to the spaces abnd^dnovj Sec, Noxr 
these Tatter aerethe diflferences between the foi*merj and it is> 
demoil^trable that when quantities are re^cti^^y as thfeJr 
differtocesj those quantities^ and consequently their differ- 
•ftees, ar6^ m geometrical progression*; therefore the 
spaces abn df dftoff eopg, &c., or, which amounts to the 
same, the den'sities of the air corresponding to the alti- 
tudes a'dy ae, agy &c. conform to the law of a geometrical- 
progression ; and since these altitudes are evidently in 
«n arithmetical progression, because of the equality of 
the distances ady de, egy &c., we hence conclude that 
when the heights form an arithmetical progression^ the 
corresponding densities of the air are in a geometrical^ 
progression. 

But, the . elevations of the mercury in the barometer 
are proportional to the densities of the air that correspond 
Ito'the different heights where those mercurial elevations 
have place. If, therefore, on one part these densities are 
expressed by the numbers of the lines (twelfths of inches) 
which measure them, commencing at the surface of mer- 
cury in the barometer basin, and if, on the other hand^ 
the heights corresponding to the elevations of the mer- 
cury are represented in toices, we may consider the num- 
bers of toises as the logarithms of the numbers of lines. 

Let it be supposed, for a moment, that there is a table 
constructed according to this system of logarithms : it is 
eaty to see how we might by its means ascertain the 
height of a mountain. We should take the two numbers 
of lines indicated by the barometer at the highest and 

* Let ab s z=z a, d7is z=zl'f eo s =. c, g ps =. d, &c. ; we shall have, 
by hypothesis, b : a — b : : c : b—c::d: c—d, &c. Therefore, ac — 
bc = b^ — b c, and h d — c d = c^ — c d; whence we draw a c = 6*^ and' 
bdz=i c*. Consequently a: b : :b : c, and b : c : : c : d ; that is to say, the 
quantities a, 6, c, c/, &c. are in geometrical progression : whence it foU 
lows, that the differences a -— ^, 6 -- c, c — d, &c, form also a geo- 
metrical progression. 
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loyn&st points of the altitude to be measured^ should &eek 
in the column of logarithms the corresponding numbers of 
tO}$€s, apd the did'erence between those two numibers 
woi^d give the vertical distance between the two stations^ 
pr the height required. 

271% Now various philosophers have thought that suck 
a labour as this might be dispensed with> and the common 
logarithms be made to serve for the determination of alti- 
tude^ by the barometer. To accomplish this, it was only 
neces^^y to obtain a constant factor of such value that its 
{MToduct, by tjbie logarithms of our tables, should fumi^ 
mea3iures conformable to the observations. The first de* 
tentiinatioQs of this kind were founded on observation 
itself; that is to say, after having chosen among the 
results of several trigonometrical operations those which 
appeared to merit the most confidence, the value of the 
factor was sought which ought to be introduced into the 
computation relative to the indications of the barometer, 
so that the results of that calculus should accord with 
those of which trigonometry had fiirnished the data. 
Deluc, by following this process, has been conducted to 
a determination of a happy simplicity, since it left scarcely 
any thing to do, to reduce to the numbers which this phir- 
;losopher considered as true those given by the common 
tables : it consisted in this, that the logarithms of these 
tables, taken with seven decimals, need only be inultiplied 
by IQOOO, to represent in toises the true logarithms of the 
number of lines which measured the corresponding ob» 
^rvations of the barometer. Hence, after having taken 
the difference between the two tabular logarithms of th^ 
number of lines in question, remove four places towards 
the right the virgule or point following the character- 
istic of the logarithm, so will there be expressed in toises 
and decimal parts the vertical distance between the two 
stations. 

272. Thb result, however, and all others of the same 
l^dy require several corrections, two of which espectaliy 

hxft filled th^ ftUeauw of {diilosD^ers. It is kjaomm 
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that the temperature varies in the different points of the 
same column of air, in such manner that the sopericn' 
strata are generally colder than the inferior ones. Now 
the densities of the air corresponding to vertical heights 
in arithmetical progression, are only considered to be 
exactly in geometrical progression, so long as the tem- 
perature of the air is uniform : whence it is manifest that, 
in ordinary cases where the temperature varies, it is ne- 
cessary to correct the heights of the barometer. But on 
another part the inequality of temperature has immediate 
influence, by a thermometrical effect, upon the odamn 
of mercury included in the barometer, and prododng 
there an augmentation or a ctiminution of length, which 
is^reign to the indications of the instrument, and there- 
fore requires a new correction. 

273. Different methods have been devised to cause the 
disappearance of these anomalies. Those who proceed 
after the method of Deluc, first suppress the effect iriiich 
is caused by the immediate influence of temperature upon 
the barometer, and refer the indications of the instrument 
to those which would have taken place in the case of a va- 
riation due to the pressure of the atmosphere alone. They 
then ascertain the number of toises which exhibit the 
elevation proposed, estimating from the corrected heights 
of the barometer; and afterwards apply to this same 
number the correction depending on the variable action 
of heat upon the column of air comprised between the 
two stations. 

To determine the first correction, Deluc enquired ex- 
perimentally, at what degree of temperature the height 
of the barometer required no correction. This degree 
answered to the tenth above zero, upon the thermometer 
of 80 parts. Deluc also deduced from experiment the 
quantity by which the variation of temperature lengthened 
or shortened the barometrical column, for each degree 
of the thermometer. This quantity was 0*075 of a Ime, 
supposing that the barometer had been at first at 27 
French inches. lUv the C9$e of a different height, a cer- 
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tain reduction gave the quantity of the variation. It 
was afterwards easy to add to the observed height that 
which it was deficient, or to retrench that which it was 
too niuch, in proportion as the temperature differed from 
that of 10 degrees, which served as a fixed point. 

With regard to the bther correction, Deiuc enquired 
in like manner at what temperature there was not any 
change to make in the number of toises given by the 
logarithms of the heights modified according to the first 
correction. This temperature was of 16^* above zero. 
He then supposed that the temperature varied, through 
the exient of the same column of air, so as to increase or 
decrease in arithmetical progression; and it resulted from 
his experiments that the air augmented or diminished by 
71^ of its volume, for each degree of the thermometer of 
80 parts. By combining these data with the observations 
of temperature in the two stations, the error in excess or 
defect of the number of degrees obtained by the aid of 
logarithms is determined. 

274. Laplace has proposed a method furnishing mone 
-direct meams of arriving at the same object, and leaving 
nothing to •desire^ when the -determination of the quan- 
tities which serve as its bases has been taken afresh^ with 
all the precision of which it is -susceptible. 

In thb method the constant coefficient by which the 
number given by .the tabular logarithms must be multi- 
pliedy depends upon the ratio between the weight of a 
determinate volume^ of mercury and that of an equal 
volipne «f air, at the temperature of thawing ice, and at 
the mean height ef the barometer at the surface of the 
sea. This height is very nearly 76 ccntinietres (28 
Frendi or 29*9 EngliA inches), and the specific gravity 
rf the air compared with that of the meccury, such as are 
indicated by Ae experiments hitherto made, is in the 
ratio of 1 to 10283. From these data the constant co- 
efficient of the cBfference between the logarithms of the 
numbers of centimetres that measure the elevations of the 
barasM^r at the two stetions, is equal x» 17972-1 metres. 
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S75. Nob- the hypothesis of a uniform tempwattire 
erjual to zero requires in like manner two corrections, 
before ii will conform to the indications oftered by th» 
thcminmcter during the same operation. The first rests 
upon the constant coefficient: the better to understand 
in what it consists, let us suppose that the temperature, at 
ihe lowest station, is, for example, 16" above zero, and 
that at the highest station it is 4" above the same limit. 
The heat being considered ?' -decreasing in arithmetical 
profession in proportion as temperature is depressed, 
its effects upon the air comprise! between the two sta- 
tions will be such that the ditlerences between the real 
densities of the difl'erent beds or strata of that air esti- 
mated by ascending, and those which would obtain in 
virtue of the pressures alone, would thanselves follow an 
arithmetical progression. 

We may therefore consider the whole operation as 
performed at a uniform temperature of 10^, which being 
the half sum of the extreme temperatures, gives the mean 
term of the progression. Thus the effect will be the 
same as if the temperature hnving been at first at zero, 
was suddenly elevated to Z0° through all the mass of air 
comprised between the two stations. But, in this hypo- 
thesis, the dilatation undergone by the air would have 
caused the different strata of air to rise above their first le- 
vel J whence it follows, that the column of mercury in the 
barometer, as the observer raises himself, being pressed 
by a greater quantity of air than if the temperature were 
zero, the barometer wdl descend less than in the case of 
that same temperature ; and consequently the calculus 
if made without any correction would give a defective 
result. To compeii'iate this error, tberefore, it is ne- 
cessary to augment the constant coefficient by a certain 
quantity which must be determined. Now, we have ob- 
served that, at the temperature of melting ice, the air 
is dilated by about -^{-^ of its volume for each degree of 
the centigrade thermometer, which is the thermometer 
made use of in c^)erUitons of tbis kind. Consequeoti; 
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the quantity whereby it is necessary to augment the 
constant coefficient, is equal to the product of that 
coefficient by ttttj ^^^ hy the number of degrees 
wliich indicate the mean temperature. But this latter 
being the half sum of the temperatures observed at the 
two stations, we see that the operation is reduced to the 
multiplying the whole sum by 35*944 metres, that is, 
by the product of the coefficient 179^2*1 metres by 
1 . 1 * 



or by — . 
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The second correction depends upon the thermometric 
effect of the heat with respect to the mercury of the baro- 
meter. Now, it is known that this liquid dilates itself 
about xrrr of its volume, for each degree of the centi- 
grade thermometer. Hence it results that if we compute 
from the temperature which obtains at the coldest station, 
the thermometric effect in question will be measureid 
by the 5412th part of the length of the mercurial co- 
lumn at the same station, taken so often as there 
are degrees in the difference between the two tem- 
peratures. By adding the product to the number of cen- 
timetres exhibited by the barometer at the coldest station, 
the operation is reduced to what it would have been if 
the mercurial column had constantly retained the density 
it had while at the hottest station. 

276. We shall apply this method to the determination 
of the height of Mont^BlanCi above the lake of Genevaf 
from the following data furnished by Saussuref . The 
barometer placed at S feet below the summit of Mont-. 
Blanc, stood at 1 6 French inches and 4 a line, which are 
equal to 0'4342 of a metre, and the thermometer of 80 

• The total effect which reg:ulates the correction being the sum of the 
terms of the progression relattve to the quantities whereby the densities 
of the air are ahered by the heat, we have this sum by taking the mraa 
term, which is the product of the mean temperature by the ratio ^^ of di- 
latation for one degree, and then multiplying that by the constant co* 
efficient which represents ijie number of terms. 

•f Voyagp dans les Alpes, No. 2003. 
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parts ai — SS", being equivalent to — 2'87' of the cen- 
tigrade thermometer. 

At the same time the barometer placed at Geneva, at 
1 3 toises above the lake, was at 27 inches, 3 lines, 5-83 
sixteenth!, which make 0-7385 of a metre, and the ther- 
mometer ai 80 parts at 22-6' answering to 28-35° of the 
centigrade thermometer. 

To have the quantity with ^rtiich the constant coeffi- 
cient should be augmented, we must multiply the sum 
25-33° of the two temperatures 28-25° and— 2-87° by 
S5-9M metres, and add the product 912-259 metres to 
the constant coefficient I7972-1 metres; which will give 
18884-359 metres for the true coefficient. 

Afterwards, to correct the height of the barometer to 
the coldest station, or that at the top of Mont-Blanc, for -• 
the variation of temperature j we must take the differ- 
ence 31-12° between the two temperatures, multiply it by 
the height of the barometer at the coldest station, and 
di\ide the product by Slia; which will give 0-0025 of 
a metre, to add to 0'434-2 of a metre : hence the corrected 
barometrical height will be 0-t367 of a metre. 

Now, the difference between the logarithms of 0-738o 
and 0.4-367 is 2281673, which quantity multiph'ed by the 
corrected coefficient 1888+*359 metres, gives for the 
vertical distance between the two stations 4308-79 metres, 
or nearly 2211 toises*. To know the total height of 
Mont-Blanc above the lake of Geneva, we have only 
therefore to add 5 1 "65 metres, or 13 toises, 3 feet,wluch 
makes 4360'+4 metres, or 2224.'5 toises. 

* Lcl Hthe height of ibe barometer at the loweit station, h that which 
answers lo ihe most elevaled slaiioii, which wc have supposed the coldest, 
T the height of the iheimomeier at the holiest station, ( thai answering to 
the coldest, and i the difference of height between the two stations ; all 
these (|iianlities (eicepi the degrees of heal) being eipressed in metres 
and fraelions of the metre, Ihe rule of which we have shewn, the applit*- 
tion will be represented by this formula; 

.= t79m(" + --73^ )W-( (T-Q— )• 
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We are acquainted with two trigonometrical measures 
of the same height, the one by Pictet, the other hj 
Shuckburgh. The first has given 2238 toises, and the 
second 2257 toises : the resuk of Laj^ce gives 1 S*5 toisct 
less than that of Pictet, and S2*S toises less than that of 
Shuckburgh. But as these two latter results differ from 
one another by 19 toises, a very perceptible quantity, aU 
that can be concluded from the comparison we have in- 
stituted isy that the formula of the celebrated French mai« 
thematician appears to lead to estimations erring a little 
in defect. It is a consequence of this that the numerical 
quantities included in the formula have not been de» 
termined, as we have already said, with sufficient preci- 
sion. Besides, a correction has been hitherto neglected, 
to which the author of this rule proposed to have regard^ 
namely, that which depends upon the aqueous vapour 
held in solution by the air, and which adds to the 
action of the temperature a new cause of alterations mv- 
dergone by the law of aerial densities, such as it is given 
by the difference of the pressures alone. Careful expe- 
riments will accomplish the perfecting of this method, 
which has, over all others, the advantage of reducing to 
their true limits the quantities combined in the foFr 
inula(z). 

{%) The correction on account of the aqueous vapour has been jecentlj 
made by M. Daubuisson : his resulting theorem, which is extremely com- 
plex, is publbhed in No. 1 13. of the Journal dcs Mines. The formulae of 
B€"guerf Deluc^^nd Trembleyf are given byProny in the 3d section of his 
Afchitecture Hydraulique. A modification of Laplace's rule from ob* 
scrvations of M. Ramond, is given by Biot in the first volume of his Traiie 
Elementaire d*Astroiioihic Physique. Tlie rules of M. Pe/uc, Sir George 
Skucktmrghf Professor Robiton, and Dr. Hutton, adapted to English mea^ 
sures, maybe seen in Book v. ch. 3. Gr^ory's Mechanics. M. Bettancourt, 
a Spanish philosopher, well known for his curious experiments on the force 
of steam, has deduced from those experiments a method of measuring 
altitudes, by means of a thermometer immersed in boiling water, (on the 
principle mentioned in par. 141.) which he thinks may be done with a 
precision, equal, if not superior, to that by the baiumeter. As to the 
resultt obtained by these and similar medes pS admeasniement, relative to 
heights of mountains, &c an extensive table is given in Von Zach's 
Ctographisch^ Ephcmcridcn, and an additional tabic In.the 4th volume oC 
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277. The same philosopher has conceived the happy 
idea of makiDg the barometrical observations concur with 
the geographical xt^easures, to ascertain in a more deter- 
isinate manner the position of different places. This 
position^ such as it is presented by the measures just men- 
tioned) depends upon the intersection of two co-orcUnates 
respectively perpendicular^ one of which is the distance 
from the first meridian^ or the longitude, and the other 
the distance from the equator, or the latitude^ Laplace 
conceived a third co-orduiate perpendicular to both the 
former, which measiu*ed the vertical distance between the 
«ame point of intersection and the level of the sea. He 
proposes to take for France this level at Brest, where the 
mean height of the -barometer is nearly 76 centimetres. 
There might be made in every place a great number of 
barometrical observations, during a year or two, and the 
mean between all these observations would give the ele- 
vation of the place proposed above the level of the sea. 
The observer might choose, in each respective country, 
the mean height of the nearest river for the level to 
which he would refer his observations. A similar labour 
executed by skilful observers, and with accurately con- 
structed barometers, would offer very interesting results 
in regard to the topography of different countries [a). 

Hutton's translation of Montucla's Recreations. From these tables it 
appears that there are, at least, 16 mountains upon our globe, whose alti- 
tudes etch exceed 2000 toises, and indeed 3 whose altitudes exceed 5000 
toises; these are Chimbora90, 5220 French toists; Cayambe Orcou, 3030^ 
and Antisana, 3020 toises. Some important corrections to the French 
.estimates of altitudes by the barometer, &c,, on account of their assuming 
58 French or 299 English inches, instead of 30*08 English inches, for the 
mean height of the barometer at the level of the sea, are suggested by Mr. 
"Kirwaii, in his tract *' On the Variation of the Atmosphere." Tr. 

(a) M. GifArdy Chief Engineer of Bridges and Highways in France, has 
published a memoir in the 17th vol. of the Journal des Mines, recom- 
mending this method of Laplace. He proposes that in order to save ex- 
pense to the French nation, the engineers of bridges and highways should 
be employed in the work. His particular directions are in the main judi- 
isious ; hut as they arc applicable to Fiance alone, they need not be rej^at- 
edhere. T|i. 
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2. Effects of Caloric upon the Air. 

278. We have now to contemplate the phenomena 
which result from the force of caloric, either to dilate 
the air or to augment its elasticity. If we commence 
by supposing a mass of I;ieated air, which is not con- 
fined by any obstacle, it will be easy to conceive that 
this air will, by dilating itself, acquire an augmentation 
of volume which will diminish its specific gravity, in 
such manner that if it be surrounded by a colder air, 
it will arise, and will presently be replaced by a por- 
tion of that surrounding air ; and if the heat continue 
to act in the same space, it will establish a kind of cir- 
culation, in virtue of which a denser air will continually 
take the place of a rarefied air. 

279. The action exerted by hdat upon the air in 
apartments with chimneys, furnishes us with a familiar 
example of this phenomenon. The particles of tJiat 
air diffused about the fire-place, becoming respectively 
lighter on account of the rarefaction, a part will rise 
into the tube of the chimney, and the other will move 
towards the top of the room: at the same time fresh 
air will arrive at the lower part, to fill the place of the 
ilscending air, and there will result an uninterrupted 
{Succession of two contrary currents; the one superior^ 
which carries the air from the chimney; the other 
inferior, and carrying the fluid towards it. The velo* 
cities of these two currents dimhiish in proportion as 
the strata approach a certain mean height where the. 
air is stationary. We may observe the effects of this 
double current, by opening the door of the apartment 
and placing the flame of a candle alternately towards 
the bottom and towards the top of the opening ; wheik 
we shall see the flame incline first inwards, then out- 
wards, and at a certain intermediate height it will be 
immoveable^ 
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280. The perpetual succession of these two ain, so 
long as the action of heat is kept up, has furnished 
a plausible explication of a species of wind which 
blows continually in the torrid zone, and is called east 
wind. Some authors have imagined they had. found 
the cause in the attraction exerted by the sun and 
moon upon the atmosphere; but it is demonstrable 
that this attraction can only produce in the air simple 
osdllations analogous to those of the flux and reflux of 
the sea, being almost insensible, and not a motion per- 
ceptible and uniform in its direction. 

The most general opinion is that the east wind is 
iOccasione^ 1>y the dilatation of the air rarifled by the 
action of the sun ; and among the diflerent ways in 
which it has been conceived that this action is exer* 
cised, we shall confine ourselves to the exposition of 
that which appears most simple and natural. 

The sun, which we will suppose in the plane of the 
equator, heats and rarifies very perceptibly the part of 
the atmosphere which it reigns over. This rarifled air 
rises above its level, and from the tendency possessed 
by all fluids of re-assuming their level, it diffuses itself 
over the columns situated towards the poles, while a 
colder air part of those same columns pours in beneath 
towards the equator. There will be formed, there- 
fore, in either the boreal or the austral hemisphere, 
two currents ; one superior, which sets from the equa- 
tor towards the pole, the other inferior, and it pro- 
ceeds from the pole towards the equator. The mole- 
culsB of these currents are solicited at once by two 
forces, one of which acts in the direction of its respec- 
tive current, and the other arises from the rotatory 
motion of the atmosphere: and it is evident that the 
velocity produced by this second motion was originally 
so much the smaller in each molecule, as the parallel of 
which it constituted a part was farther removed from 
the equator. 
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Nowj if we consider a particle taken in the inferior 
current whose direction tends towards the equator, it 
will be easy to conceive that this particle arrives at 
each of the parallels situated upon its path, with an 
angular velocity* less than that of the correspondent 
point taken at the surface of the earth. The terres* 
trial objects which present themselves to the passage 
of the inferior current, ought therefore to be struck 
with the excess of their velocity: and it will be the 
same with regard to an observer, who, thinking him* 
self immoveable, and referring the excess of his proper 
velocity, in an opposite direction, to the current he 
encounters, will receive the impression of a wind which 
will appear to him to come from the east, because the 
rotatory motion of the earth is directed from the west 
towards the east. 

It will be the reverse of this with respect to the su- 
perior current which sets towards the pole. Each of 
its particles having more velocity than that of the ter- 
restrial point above which it has arrived, will outrun 
that point in its progress towards the east; whence 
there must result from this excess of velocity a real 
west wind, while the inferior wind is a simple appear- 
ance, although it produces a complete illusion (b), 

281. The heat which augments the volume of the 
air when it has the faculty of extending itself, adds to 
its elastic force, when its volume remains unalterable^ 
that is to say, it then exerts a greater effort contrary 
to the obstacle which confines it. On this subject we 
have several interesting results obtained by Amontons^ 

* ThU name is giyen to the velocity of a body which moves in a cir* 
cular manner about a point. When the rotation is uniform, the velocity 
is proportional to the angle, which is measured by the arc described by 
that body in a giv n time. 

(h) The reader will find more oa the subject of winds in par.S]8«*SSS 
•f this volume. Tr. 
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one of those learfMMl men who best kneir the art of 
Mnging nature iilto action by experiments^ and of 
inaking her speak at the same time to the eyes and, to 
the mind. 

S8#. This celebrated philosopher, having- attempted 
to measure the augmentation of elasticity experimced 
by' the air between certain limits of heat, has found 
that jfrom the moderate temperature which predomi- 
nates during the! spring or the autumn , to the degree 
of boiling water, the elasticity of the air, confined at 
first by the mean pressure of the atmosphere, became 
angmented by about its third ; so that the force neces- 
savy to retain the air in the same space, without sen- 
giUb' increase of volume, is equivalent to thewcngfat 
of 28 French inches of mercury, plus 9|. inches^ <Mr 
37^ inches, when the air has taken the heat of boiling 
water. 

Whatever was the mass of air employed, provided 
tbat it was charged with the same weight, the augmen* 
tation of elasticity always obtained in the same ratio ; 
whence this principle resulted, that if unequal masses 
of air are charged with equal weights, their elastic 
force, will be equally increased by equal degrees of 
heat. . 

The etsperiments shewed also that if equal masses of 
air -were charged with unequal weights, their elastic 
force would increase proportionally to those weights, 
by the same augmentation of heat. Thus, a mass of 
air which, being at first charged with a pressure of 30 
inches, having acquired an augmentation of elastic 
force of 10 inches, in the passage frojn a temperature 
of about 14 degrees to that of boiling water, would 
acquire one equal to 20 inches when the primitive 
pressure was equivalent to 60 inches. 

283. Amontons, in applying the theory to these prin- 
ciplesy has discovered the link which united tbem^ both 
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to OTC another^ and to the results of Mariotte, concern- 
ing the relation between the degrees of contraction of 
the air and the weight with which it is charged. 

For when, in the experiments of Mariotte, unequal 
masses of air which were supposed to have been always 
taken in the same state of density would support equal 
weights, they would contract themselves proportionally 
to the volumes they had at first; whence it follows^ 
that afiter the contraction they would .retain the same 
<lensity ; so that if the primitive volume of one of them 
were four cubic inches, and was found reduced to three 
inches, another whose volume answered at first to eight 
cubic inches would then occupy no more than six. 
But when there was applied to these measures equally 
compact, a like degree of heat, the fire would act no 
more to dissipate the particles of one than those of 
the other; and thus the augmentation of the elastic 
force, which depended upon this separation, would be 
the same. 

On the other hand, equal masses of air charged with 
unequal weights, would contract themselves in the ra- 
tio of those weights; and when there was applied to 
them the same degree of heat, the more particles of air 
there were collected into the same space, the more 
considerable was the effort of heat requisite to scatter 
them: and thus the augmentation of the elastic force 
conformed to the ratio of the condensations, that is to 
say, it was proportional to the compressing force. 

If it be considered that Amontons wrote in 1702, at 
the epoch of a philosophy which had grown old in 
many respects, we shall allow that there was much 
ingenuity and force of mind in these views, which pre- 
pared long before-hand the discoveries which more 
completely developed knowledge has clearly presented 
in these latter times. 

We ought not to omit mentioning that Afanontons 
was likfetvise the first who observed the remarkable 
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phenomenon presented by water, which, Xvhen once 
arrived at ebullition, ceases to heat itself farther, how- 
ever long time it is left over the fire, and whatever 
may be the activity of that fire. 

284. Amontons conceived the idea of applying these 
different discoveries to the construction of a compara- 
ble thermometer, by means of which one might trans- 
mit, so to speak, to posterity the observations which 
had been made on the temperature of different climates; 
instead of which, the different instruments of this kind 
had, previous to that, no mutual relation, and offered 
only local and unconnected indications. The explana^ 
tion we shall now give of Aaiontons's process, will 
serve to furnish an idea of that which he had employed 
to determine the augmentation of elasticity which the 
air acquired by the action of heat. 

He made use of a tube whose inferior part, which 
was bent up, was terminated by a ball; the open 
branch was about 47 inches high. He chose for the 
construction of his thermometer the moderate tempe- 
rature we have spoken of, namely, that of spring or of 
autumn. By an ingenious process, which consisted in 
soldering with mastic, to the top of the open branch, a, 
second tube likewise bent up, and which had an en- 
larged part (renjiementy belly or swelling out) towards 
the place of its junction with the other tube, he suc- 
ceeded in introducing into this about 28 inches of mer- 
cury, and at the same time in so condensing the air 
comprised in the ball that its level surface was situated 
towards the beginning of that ball ; he then took away 
the tube which had served to introduce the mercury, 
and there remained notliing more than to apply the 
other to a plate divided into inches and lines,' estimating 
from the level of the air in the ball. 

He took care to give to the ball a diameter incompa- 
rably greater than that of the tube; and hence, when 
the air included in this ball came to be heated by the 
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temperature of the atmosphere, it extended itself, in 
fact, in the shortest branch, and forced a part of the 
mercury which it contained to pass into the longest 
branch. But since the quantity of the dilatation might 
be neglected, because of the great capacity of the ball, 
the volume of the air was not considered as having 
changed; so that the augmentation of elasticity, as it 
was measured by the lengtlieiiing of the mercurial co- 
lumn, was, as to sense, proportional to the real aug- 
mentation of elastic force. 

The interior air had therefore to support, at the mo- 
ment of the construction, a pressure of about S^ French 
inches; namely, the pressure of the atmosphere, and 
that of the 28 inches of mercury introduced into the 
tube. The same air, by passing to the heat of boilipg 
,water, would have been capable of sustaining a pressure 
of about 74 inches, that is. a third stronger than that of 
56 inches. This latter (74 inches) was the fixed term 
to which the construction of the instrument was refer- 
red, so that the height of the column shewed the 
greater or less approximation of the temperature to 
that of boiling water. 

Although the quantity of air comprised in the ball 
was indifferent, yet it was adviseable, to render the 
different thermometers more comparable, to take balls 
whose diameter was always in the same ratio with that 
of the tube ; and this added to the difKculty of the con- 
*struction. Besides, the mean temperature, whence he 
commenced his operations, did not present a suffici- 
ently constant term. It was necessary, moreover, in 
consulting the instrument, to have regard to the height 
of the barometer, in order that the requisite correction 
might be made for the variation of the mercurial co- 
lumn above or below 2S French inches. Lastly, this 
thermometer became ea)barrassing an account of the 
magnitude of its dimensions. It was, however, the 
first whose execution had been directed towards the 
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true perfection of that instrument; and it compre- 
hended a fixed term of heat which Reamnur employed 
only secondarily, and to which succeeding philosopb^s 
baye adhered. 

285. The results of Amontons, relative to the aug« 
mentation of elasticity experienced by air when it was 
heated, gave at the same time the quantity whereby 
that flnid was d'dated by the action of the same cause. 
This dilatation was also a third, from the m^an tempe- 
rature to that of boiling water; but the fluctuations in 
this first temperature necessarily threw some uncer- 
tainty upon the consequences deduced from the obser- 
vations* Since that time many learned men baTC 
occupied themselves upon the same object, by taking 
the degree of thawing ice and that of boiling water for 
limits of temperature, and the mean pressure of the 
atmosphere for that which would act nniformly upon 
the air: but the great diver^ty which is found between 
their results made it desirable that this point should be 
subjected to a more rigorous examination. Gay-Lussac 
has undertaken to perform this task ; and by a series of 
experiments, made with much care and precision, has 
been enabled to determine not only the dilatation of 
the atmospheric air, between the two limits we have 
spoken of, but even those of the various other gaseS;. 
both soluble and non-soluble ; and what adds a new de- 
gree of merit to the results he has obtained, is the uni* 
formity of the law of dilatation to which he has bee» 
conducted*. • 

2SG, Previous to detailing the results in question, 
this philosopher discussed the different means employed 
before his time to attain the same object; and he re- 
marked that the cause which had most contributed to 
render them faulty, was the presence of some drops 



* Annalcs de Chimic, by Guy ton, Monge, BerthoUet, &c., "No. 128> 
pa. 1S7 ^t seq. 
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of water which bad lodged in the apparatus. This 
water, occupying by its vaporisation a volume near 
1800 times (235) more considerable than in the state of 
liquidity, displaced a great part of the air included 
with it in the same ball ; so that much too high a dila- 
tation was attributed to the air, by supposing that it 
alone filled the capacity of the ball, in which the te^l• 
perature had attained the degree of boiling water. 
Gay-Lus3ac has employed ditierent modes of proceed-' 
ing with respect to insoluble gases and to those which 
are soluble. 

287. The reader shall first see to what his method is 
reduced, as it regards the former: he took a very dry 
balloon, into which he introduced the gas whose dila- 
tation was to be determined; this balloon was then 
heated to the term of boiling water, and when ttie di- 
latation had produced all its effect in expelling a part 
•f the gas, he cooled i( to the dcigree of thawing ice, 
and at the same time left to enter into the Wlloon as 
much water as the presence of the remaining gas 
would permit^ and the remark connected with this 
process wa!s, that the gas in its different states ought 
always to be brought to an equilibrium with the con- 
stant pressure of the atmosphere. This granted, the 
volume of water which ift introduced into tlic balloon 
may represent the quantity by which the remaining air 
is susceptible of dilating itself, on passing from the 
temperature of thawing ice to that of boiling water. 
The balloon was weighed first in that state, then after 
being filled with water, and lastly after it was emptied. 
The difference between the weight of the empty bal- 
loon, and that of the balloon full of water, gave the 
capacity of the balloon; and the difference between 
the weight of the empty balloon, and that of the bal- 
locm containing a quantity of water equal to the space 
\ph iVee by the condensation of the air, gave the mea- 
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lure of that volume; after which it was easy to deter- 
mine the ratio between the volumes of the air in the 
two extreme temperatures. 

288, By this kind of operation Gay-Lussac has found 
that atmospheric air dilates itself, on passing from 
the temperature of thawing ice to that of boiling wa- 
ter, in the ratio of 100 to 137*50, or a little higher than 
that of 2 to 3 ; whence it results that the dilatation be- 
tween those limits is ^^, or tttVt ^^ ^^® primitive 
volume. Hydrogenous, oxygenou^, and azotic gas, 
when subjected to the same experiments, each fur- 
nished results absolutely simUar. 

289. To determine the dilatation of soluble gases, 
Gay-Lussac has had recourse to a method as simple as 
ingenious, by assuming for a term of comparison the 
dilatation of one of the insoluble gases which had been 
the object of the preceding experiments. His appara^ 
tus was composed of two tubes, graduated accurately 
lengthwise and immersed vertically in a bath or vessel 
of mercury; one of the tubes contained atmospheric 
air, the other the gas which it was proposed to try ; and 
the two fluids rose in the tubes to the same height. 
This apparatus was then placed in a stove whose tem- 
perature was elevated progressively, and the two fluids 
were seen to rise in their respective tubes, so as always 
to correspond very exactly to the same divisions; which 
proved the equality of the dilatations. Tl^ fluids 
which were the object of this comparison were car- 
bonic acid gas. muriatic acid gas, sulphureous and 
nitrous gas. This uniformity in the progress, followed 
by the different gases while dilating, thus presented a 
strong reason from analogy to think that the vapours 
would he siii)iected to the same law. Gay-Lussac con- 
tented lliul^elf with a single experiment relative to this 
point, and that served rather as an example than as a 
proof. He chose the vapour of sulphurated ether ; and. 
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by employing the same process as for the soluble gases, 
he observed that the progress of the dilatation was ab- 
solutely equal in both. 

These results accdTrd with those of the experiments 
undertaken by Dalton, about the same time, in Eng- 
land, and relating to the same object, but of which the 
French chemist could not have any knowledge when 
he imparted his labours to the National Institute of 
Sciences and Arts. About fifteen years before this, 
Charles obtained similar results for insoluble gases; but 
his experiments relative to the soluble gases presented 
him with a particular dilatation for each of them, and 
tinder this point of view his results differed greatly 
from those of Gay-Lussac. 

Thus, the dilatability of the various gases and va- 
pours, by the action of heat, doe* not in any respect 
depend upon their nature, but solely upon their elastic 
state. Philosophy is never more interesting and en- 
gaging than when the contemplation of natural phe- 
nomena lead to those properties which generalise them, 
and shew us that all are comprehended under some 
one whole. 

29Q. We may assign a reason for this uniformity in 
the law to which the dilatations of gases and vapours 
are subjected, if we consider that the affinities exerted 
mutually between the particles of each of such bodies 
in the liquid state, and which differently counterba- 
lance the elastic force of the caloric according to the 
different, natures of those bodies, are entirely destroyed 
in consequence of the passage to the state of elastic 
fluidity. There then remains nothing therefore, but 
the elastic force of the caloric, which, finding the 
particles of all the fluids (so to speak) equally disposed 
to obey it, must produce a uniform progress in the 
dilatations which take place between the same limits of 
temperature. 

29 1 . The researches which we have explained only 
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give the ratio of the dilatations for the two limits which 
answer to the extremes of temperature- It remains to 
determine with precision the coefficient that represents 
the dilatation relative to each degree of the thermo- 
meter. Gay-Lussac soon found that this coefficient 
was not constant, and he proposed to undertake a new 
series of experiments to ascertain the law of its va- 
riations. 

292. Dalton, while continuing his experiments upon 
fluids, obtained another result no less remarkable, in so 
far as it reduced to one and the same scale the law fol- 
lowed by the elastic forces of different fluids when 
compared one with another, in proportion as they va- 
ried with the temperature*. We shall shew in what 
his result consists: if .we take for a conmion term the 
force which sustains an equilibrium with a given force, 
such as the medium pressure of the atmosphere^ the 
variation of that force between two determinate tem- 
peratures is the same for all the fluids. Thus, the aque- 
ous vapour, which has a temperature of 100** cf (M° r, 
^12° f), or the term of boiling water, is capable of sus- 
taining a pressure of 76 centimetres (28 French or 29*9 
English inches), loses the half of its force by a diminu- 
tion of 16-6° c (13*3* R, 29'88'' f) in its temperature; 
and that same force is found doubled by an augmenta^ 
tion of temperature equal to 22*2° c ( H'S" R, 39*96*' f). 
But, the vapour of every other fluid loses equally the 
half of its force by cooling 16 '6** below the particular 
term of its ebullition, and acquires a double force by 
being heated 122'2° above the same term. 

293. Let us choose another relation, and apply it to 
the vapour of ether and that of water. It is known 

• Bibliotheque Britan., No. 160, vol. XX. p. 343 ct seq. Memoirs ©f 
the Manchester Society, vol. V. 

f In all the indications of temperature which will be here given, thp 
letter c denotes the centigrade thermometer, r the thermometer of Reau- 
mur, and F that of Fahrenheit. 
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that the ether commences ebullition at 38'8** c (sr*"* r, 
101'84° f); that is to say, its vapour sustains a pressure 
of 76- centimetres: the same vapour cooled down to 
16-6° c (13'3° R, 61-88° f) can only sustain a pressure 
of 30 centimetres. Such is also the pressure sustained 
by aqueous vapour at 77-8° c (62'2**r, 172'' f); and, 
if \Ye take the difference between 16*6° and 38*8% 
-which indicates with respect to ether, the term of ebul- 
lition we shall find that it is 22*2°, the same as exists 
between 77*8° and 100', which answers to the heat of 
boiling water. 

On the other hand, the vapour of ether heated up to 
63'8'*c (5r4'*R, H6'84'' f), balances a pressure of 16 
decimetres; and aqueous vapour has the same force 
when the temperature is denoted by 125"* c (100"* r, 
267* f). Now, each of these two temperatures differs 
25"* from that which corresponds to the ebullition of its 
respective fluid ; that difference being equal to 63*8* — 
38-8'' for the vapour of ether, and 125*^ — 100** for the 
aqueous vapour. We shall soon have occasion to ex- 
plain other results, which will present fresh proofs of 
the sagacity of the same philosopher. 




3. On Evaporation. 



294. We are now arrived at one of the effects of the 
air, in the knowledge of which the progress of Natural 
Philosophy has been the most tardy. Water exposed 
, uncovered in a vessel diminishes its volume by little 
and little, its moleculae as they abandon th^ general 
mass raising themselves into the atmosphere. This 
effect is known under the name of Evaporation: but 
by what mechanism of nature is it produced? Here 
philosophers have divided between different opinions ; 
ipost of which tend to i^cribe to fii^e tbe principal 
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influence in the phenomenon; either because they have 
confounded evaporation with vaporisation, or because 
they have observed that a greater quantity of water was 
evaporated when the air was more heated. 

295. Some philosophers thought that the molecular 
of water, extremely divided by fire, and acquiring a 
considerable augmentation of surface, with regard to 
their volume, empowered the air to seize them, by 
striking them and wrapping them up in the contours 
of the little Jipiral plates of wliich it was composed. 
According to others, the fire by dilating the molecular 
of the water, renders them specifically hghter than the 
air, so that their ascent in that fluid is only an ordinary 
phenomenon of hydrostatics. 

296. In the midst <5f this conflict of opinions, to 
which we might likewise add others \vhich have little 
foundation in nature (cj, the true cause was suggested 

(c) Many ingenious men, as Eelesi Beccarta, and others^ have attempted 
ta explain the phenomena of evaporation agreeably to the principles of 
electricity. One of the most plausible statements of this theory of evapo- 
ration we have met with is contained in ffiUiams's Remarks on the Climate 
tf Great Britain. As this is a work which may not fall into the hands of 
many readers of the present treatise, it may not be amiss to present Mr. 
Williams's ideas in his own language. 

** Philosophers are agreed that most bodies are surrounded with a pecu- 
liar fluid, more rarified than common air, which forms around them a kind 
of atmosphere to a given extent; various optical and electrical experiments 
confirm this opinion. The vapourous vesicles themselves demonstrate 
the existence of a similar atmosphere surrounding them, by the facility 
with which they move on the surface of water; a medium supposed con- 
generous with them, without uniting with it; for if they were in imme- 
diate contact, they would, by the force of attraction, immediately unite 
with the medium on which they float: the same may be observed of dust 
blown over the surface of any liquor. What, then, is the nature of this 
atmosphere? Is it fire.^ so far, then, it would not be obrervable, as it is, 
in clouds, which are nothing but an accumulation of such vesicles appa- 
rent in the most rigorous winters. The diminution of cold during winter, 
which accompanies rain, indicates that these vesicles have, in forming wa- 
ter, relinquished a portion ef fire in a certain state, employed in their sus- 
pension. Is this the electric fluid? Yes. The interior of thes^ vesicles 
are hollow spherules , for they appear larger when they are heated: they 
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by Muschenbroek. " The air and the water," said 
that celebrated philosopher, " attract each other reci- 

must therefore contain a fluid expansible by beat, and their lightness et- 
cludes the idea that it is dense air. This fluid is doubtless the samt q§ 
their atmosphere; and if the outward envelope, or atmosphere, be xerooved 
by any conductor, the internal air tries to escape, which produces the at- 
traction of each other to form larger drops. When these vapours are con- 
densed by extreme cold, the water which forms then' envelope crystallises 
sometimes into snow or bail, or, when it attaches itself to solid bodies, into 
ice; in this state it is concrete vapour. 

Motwitfastanding the abstract reasonings of Desaguliers, and others, 
the globular shape of vapourous particles, observation demonstrates 
this to be the form they invariably assume. They may even be seen, in 
some cases, by the naked eye. Thus, exposed to the rays of the sun, and 
in a place where the air may not agitate, a cup filled with some hot aque- 
ous fluid, of a black or dark colour, as coffee for instance, there will pro- 
ceed from this liquor a vapour more or less dense, which will ascend to m 
certain height, and then disappear. The eye of an attentive observer will 
easily discover that this vapour is composed of numerous rounded whitish 
grains detached from each other. Would we wish for more light on the 
subject, we must view them with a double convex lens, of about one inch, 
or an inch and a half focus ; if we observe attentively with this lens what 
passes upon the surface of the liquor in the abovementione d state, we shall 
perceive spherical bubbles of different magnitudes to arise from the surface, 
by a different celerity of motion ; the smallest, or fine, will rise with rapi- 
dity and become invisible, while the larger, or more gross, will fall back 
into the cup, without mixing with the liquid, rolling on the surface like 
light dust, subject to the impulse of air; for on breathing we may drive 
them from side to side of the vessel; nay, when there is no perceptible 
agitation in the air, we may see these globules suddenly in motion, the 
smaller coalescing with the larger, which still preserve their station on 
the surface : others which were elevated in a»r, are seen descending and 
coalescing as the former, or sometimes agairv reuniting with the liquor 
which first gave them birth. The lightness of these spherules, their white- 
ness, and different appearance from solid globules, leaves no doubt as to 
their nature. It is sufficient to see them to obtain conviction that they 
are hollow spheres, similar to the bubbles apparent on agitated saponaceous 
suds. These being specifically lighter than the surrounding medium, con- 
sequently ascend till they attain the higher regions; in this sfate they do 
not destroy the diaphanous state of the atmosphere; for they do not change 
the apparent form of the planets. And this arises from the fact, that nys 
of light, passing through extremely minute meniscous transparent bodies, 
suffer no sensible deviation or aberration ; their electricity is, in this stage, 
in the weakest state in these colder regions. And the rapidity with whic^ 
Ais soluUwi of vapour is eflBw:tcd, forms a probable criterion to judge wh^ 
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procaliy, and are dissolved the one by the other. As 
soon as the particles of water begin to separate them- 
selves, they are attracted by the air into which they 
are dispersed ; as happens in all solutions, where there 
is the same mixture and dispersion of parts*." But 
Muschenbroek contented himself with indicating this 
cause, twisting it at the same time into an association 
with many others fdj» 

291. It was reserved to Le Roi, of Montpellier, to 
present this cause in all its generality, to render the ex- 
istence palpable, to follow it in its different modifi* 



ther the day will be fair or showery; and the quickness or slowness with 
which the solution takes place, appears to depend on the greater or less 
proportion of dectric matter present. They are now condensed, a number 
of their minute particles unite by the law of cohesive attraction, and form 
9 globule of greater bulk, but whose surface is not increased in the same 
ratio ; consequently the intensity of the electricity becomes greater, as 
shewn by the Franklinean experiment of the can and chain. These en* 
larged particles do not permit all the rays of light to pass, like the smaller 
ones ; the transparency of the sky is therefore destroyed, and the combined 
arrangement of a series of these larger particles forms a cloud or fog. 
These enlarged particles are kept asunder by the repulsive power of elec- 
tricity, in the same way that two pith balls are when electrified by art; 
otherwise they would unite from the attraction of cohesion, and immedi- 
ately form drops of rain. Clouds are sometimes found negatively electri- 
fied, owing to the influence of an atmosphere strongly electrified positively; 
as is explained by the phenomena of the Leyden phial. The particles of 
vapour, forming such a cloud, are likewise kept from coming into contact 
by negative repulsion." 

These passages are suflicier^tly illustrative of Mr. Williams*s theory: it 
is certainly ingenious ; but is, notwithstanding, exposed to many objec- 
tions. Tr. 

• Essai de Physique; Leyden, 1/51, tome II. pa. 7-21. 

((Z) It seems the Abbe Nollet started a similar opinion, though without 
much pursuing it, inhisLtjjons de Physique Experimentale, first published 
in 1743: he offers it as a conjecture, that the air of the atmosphere serves 
as a solvent or sponge, with regard to the bodies that encompass it, and 
receives into its pores the vapours and exhalations that are detached from 
the masses to which they belong in a fliaid state; and he accounts for their 
ascent on the same principles with the ascent of liquors in capillary tubes. 
On this hypothesis, the condensation of the air contributes, like the squeez- 
ing of a sponge, to their descent. Tr. 
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cations, and thus to exhibit in a new light the sim- 
plicity of the picture of nature, by causing one of its 
most extended phenomena to fall under the universal 
power of attraction*. 

298. The whole doctrine of this philosopher is re- 
duced to the following principle: the air dissolves 
water in the same manner and with the same circum- 
stances that water dissolves salts; so that as the water, 
by bemg heated, becomes capable of dissolving a new 
quantity of salt, and abandons, by cooUng, a part of 
that which it had dissolved ; in like manner, as the air 
becomes heated or cooled, it takes up more or less 
water before it has arrived at its point of saturation. 

The experiments exhibited by this philosopher in 
proof of the principle befc^e us, are such as are re- 
peated spontaneously every day. They have been 
seen a thousand times, yet have the observers disre- 
garded them. 

299. The author exposed at his window a white 
glass phial, exactly stopped up; the temperature being 
then at 20 degrees above the zero of the thermometer 
in 80 parts (17° f). Some time after, the tiiermometer 
having descended during the night to 15 degrees 
(68^F.), Leroi perceived that a part of the water con- 
tained in the air with which the bottle was full, had 
disposed itself in form of little drops, upon the uppet 
parts of the interior of the vessel, which being most 
exposed ought naturally to cool first. This species of 
dew bscime much more abundant, when the thermo- 
meter had descended to 6 degrees (454°f.). The air, 
by heating again during the day, re-dissolved the 
water which had been precipitated during the night. 
This air represented all the rest of the atmosphere; 
and the vessel which was the subject of the experiment 
did nothing else than render manifest to the eyes what 

* MeUnces dc Physique ct de Medecine, p« l et sc^. 
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vas otherwise in a manner insensible. 7'be same 
experiment repeated and varied with every attention 
requisite to render it decisive, has constantly given 
analogous results. 

Leroi afterwards investigated the means of deter- 
mining the degree of saturation of the air relative to a 
given state of the atmosphere. To obtain this he 
poured into a large crystal cup, w^ell dried on the out- 
side^ water suflSciently cold to occasion upon the exte- 
rior surface of the cup cooled by the vicinity of such 
water, a precipitation of that which was held in solution 
in the surrounding air; when the temperature of the 
water had risen a half degree, he poured it into afresh 
vessel, and observed the term Avhere the precipitation 
stopped : that term indicated the degree of saturation 
of the air. The author ascertained, by means of this 
experiment, that the direction and force of the wind 
caused a very perceptible variation in the degree of 
saturation; that it was lower with a north tlian with a 
north-w^est wind, and that in both cases the force of 
*the wind contributed to a still farther depression. 

300. Although the comparison made by Leroi of the 
manner in which the air dissolves water, with that 
whereby water dissolves salts, be exact as to the foun- 
dation, it is, nevertheless, not entirely applicable in all 
respects. There is this difference between the two 
phenomena, that a salt which iij dissolved in water^ 
passes from the solid to the liquid state, in such manner 
that its specific gravity does not undergo any consi- 
derable variation ; w^hile water by evaporating passes 
from the liquid state to that of an elastic fluid which 
diminishes its density in the ratio of 1 to more than 
1000 fej (235,286,317). 

(e) M. Leroi's theory wjis first published in the Memoirs of the French 
Academy for the year 1751. Yet Dr. Hamilton ot Dublin transmitted to 
the Royal Society in 1763, a long Dissertation on the nature of Evapora- 
licm, in which he proposes and establishes this theory of solution ; and 
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301. We are now able to establish an exact compa- 
rison between vaporisation and evaporation. The first 
is occasioned by the circumstance that tlie elasticity of 
the caloric, which acts upon the moleculae of water, is 
sufficiently powerful to overcome the pressure of the 
air. In evaporation, this same air which, on one hand, 
opposes itself by its pressure to the elastic force of the 
caloric tending to reduce water to vapour, seconds it, 
on tJie other hand, by the affinity which it exerts upon 
that liquid. 

302. The evaporation is so much the more abundant, 
CiBter is paribus J as the water by presenting to the air 4, 
greater surface, multiplies farther its poi»ts of contact 
with that fluid. The inhabitants of some countries 
avail themselves of this fact, in order the more speedily 

* to extract sea salt from the air which holds it in solution. 
They first cause the water to fall upon thorn faggots, 
where it divides itself as into a very fine shower j whicli 
presenting to the air it traverses the facility of acting 
upon it by its numerous contacts, it becomes eva- 
porated in great part,, so tliat the wat^r that arrives at 
bottom is found highly charged with salt. This water 
is then carried into great cauldrons, where, it is ex- 
pbsed to the action of fire to complete tlie eva- 
poration. 

303. ' The parts situated at the surface of water being 
the only ones thaJare subject to evaporation, tlie (]uan- 
tity of this evaporation in full vessels whoso orifices are 

though other writers had been prior in their conjectures, and even in thcii 
reasoning on this subject. Dr. Hamilton assures us, that he has not repre- 
sented any thinsr as new which he was conscious had ever been proposed 
by any one before him, even as a conjecture. Having evinced the agree- 
ment between Solution and Evaporation, he concludes, that Evaporation 
is nothing more than a gradual solution of water in air, produced and pro< 
moted by attraction, heat, and motion, just as other solutions a»e affected- 
It is unnecessary to relate more of the doctor's hypothesis in this place ' 
those who wish to compare it with Leroi's in its several particulars, mn^ 
«ofjsult Hamilton's Essays, pa. 33, &c. Tr. . . • 
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ttii^nal, i» jirnpoTtJoniii to the maijnitiKlc of those ori- 
fice*, provided that the beat and other circumstances 
are tbc same \a regani to nil (l>e rcs^k. Mck^kii- 
brock h«» foufxl, it is true, that, with er,Q3] rurfeccj, 
tlic water cantaitted 111 a deep reseel is evapor«.ted 
more rapidly than in a vessel vliich has less deptli^. 
But this difference arose pfobahly from tbb, that 
among the causes of variation undtTgfMtc by the tem- 
perature of the srirrounding air, tliunr whkb tended to 
depress it were the most frequent. For it would hence 
result tliar Uie water contained in the deepest vcssd, 
being composed of a greater number of strnra ur Isim- 
lur between the bottom and the surface, followed more 
sJoivly the variations of temperature, anil therefore kwt 
lessfpeedily the heat nhich it had once acquired, and 
whose presence would accelerate the evaporation+. 
Farther, the difference in quesiiori was only senile 
in open air; it being ob^rred that it vanished in 
apartments where tSie teinjjerature experieflced only 
slight variations. 

304. Ice also is susceptible of evaporation, but so 
much the less as it is more coi J : if some philosophers 
have imagined they have perceived the contrary, it is 
probably because they made their experiments during 
a dry parching wind, ivliich by rapidly renewing the 
points of contact, augments the dissolving faculty more 
than the cold tends to diminish it. Nevertheless, Mus- 
chenbrOek and ^V'alle^ius have observed that the eva- 
poration of water increases during- congelation: but this 
effect is only instantaneous; it arises from the heat 
which is then developed, and which, by passing into the 
surrounding air, raises its temperature. 

30j. From the principle csCiiblislicd by the experi- 
uients of Lcroi, several plienoaiena of f.imiliar obserra- 
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tioii may be explained with great facilit3% The mere 
statement of these experiments enables us to conceive 
the manner in which dew is precipitated from the air, 
when the temperature of that fluid, little distant during 
the day from t!ie degree of saturation, has descended 
during the night below that degree* It is a matter of 
common observation that in frosty weather the glass 
windows of apartments are wetted within. As the ex- 
terior air is then colder than that within, the caloric 
contained in the part of this latter, which is in contact 
with the glass, passing through its little thickness with 
facility, diffuses itself on the outride to satisfy Its ten- 
dency towards an equilibrium. It results that the inte- 
rior air abandons a part of the water which it held in 
solution, and deposits it on the surface of the glass. 
The reverse of this happens in a thaw when the exte- 
rior temperature is highest, whence it is said that our 
apartments are then cold; the humidity in that case 
appears on the outside of the glass. We may also con^ 
ceive why the breath of animals, hotter during the 
winter than the air into which it is respired, becomes 
visible under the forip of a vapour produced by the 
water which it gives out during the process of cooling. 
All nature is full of this kind of facts, of which it will 
be easy at the first glance to trace the analogy with the 
preceding^ 

306. The way in which water influences the state of 
the air, after that fluid has raised it up by evaporation, 
has already drawn the attention of many celebrated 
philosophers. Dalton, iq the midst of his numerous 
enquiries relative to gases and vapours, has unde^ t&j^en, 
in connection with this subject, a labour whos§ results 
are the more interesting ^s they extend to the constitu- 
tion of all the mixtures that elastic fluids are capable of 
forming, by uniting one with another* 

3G7. But let us first terminate our account of what 

vol. I. T 
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was previously known with regard to evaporation. 
The water \fhich has undergone this effect is no longer 
in the state or liquidity ; it has passed to that of an 
elastic fluid, and is, in truth, in the same state as if it 
had undergone v^^porisation under an air so far rarefied 
as to present no obstacle to ebullition. Saussure had 
even ascertained that its presence augmer^ted the elasr 
ticity of the air, and had made experiments with a view 
to estimate the augmentation of elasticity which took 
place, in consequence of the mixture of ^ given quanr 
tity of vapours at a given temperature*. To arrive at 
thi^ evaluation, he introduced^by m^ny distinct efforts, 
^ pieqe of moistened linen into a determinate mass of 
air, which had been previously desiccated as far as pos-? 
sible; and he observed that this air, in proportion s^ it 
dissolved the water, produced a gradual elevation in^ 
column of mercury submitted to its pressure. He 
found, auiong other results, that at a temperature of 
15* of Reaumur^s thermometer (70|.® f) th? quantity of 
vapour capjible of saturating the air communicated 
such an increase to the elasticity of that fluid, that iur 
stead of a pressure of 27 inches, which had before ba- 
lanced it, it then sustained 27 inches, 6 lines. Fron^ 
this observation he concluded, that the vapour diffused 
through the air, subjected to the experiment, was an 
elastic fluid capable of sustaining alone a pressure equal 
to the augmentation of elasticity which it communi- 
cated to the air ; so that in a vapuum it would realty 
have sustained that pressure. 

308. Saussure found, moreover, that at the same 
temperature of 15'' R, a cubi^ foot of air, previously 
well freed from humidity, became saturated by a quan- 
tity of vapour weighing about 10 grains. 

309. It follows, from what has been said, that a jnass 

* Essais 9W rHygromctrie, Nos. les et seq. 
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of air saturated with water in a vaporised ^tate, jit \ 5^ 
R, requires a pressure of 21 inches 6 lines (Frpnch) to 
confine it in the space which it occupied before satura- 
tioti, under a pressure of ?7 inches. If, therefore, it be 
as yet only loaded by this latter pressure, the mojeculs' 
Hf the vapour will drive asunder those of the ?ur by 
their elastic forpe, while that fluid retains them \>y its 
affinity in a state of suspension, and the volume of tlie 
ipass will be augmented by y^; and since the density 
of the vapour is to that of the air, apcording to Saus-r 
sure, nearly as 10 to 14, the voluipe will increase in a 
grea|;er ratio than that of the augmentation of the mass ; 
whence it must be concluded that the specific gravity 
of the air diminishes in proportion as it holds a greater 
quantity of water in solution. Newton, in liis optical 
queries, where w^ find ^ multitude of conjectures, 
which are a$ so many precious gepns, the unfolding 
of whiph wgs Reserved to other times, remarks tfaattho 
true j^ir is heavier tlian vapours, and that a humid 
atmosphere is lighter than a dry one, tfit^ing e(ju^ 
qqantities*^ 

310. We come now to the results of the invp$tig^« 
jtions undertaken by Dalton. This celefa^]ratec| philosQ- 
pfaef proposed to himself to enquire, by a gen^jr^l m^- 
thod^ in what xnanner any gas is dilatsd, orj^ vhich 
amounts to the b*ame, to what degree its elasticity, ^s 
found angpneuted, at a given temperature, by its ynif^i 
with a vapour gf knpwn el^stipity, at tb« saniip t^i9- 
pecature. 

311. In thp experiments with this object in yiewf, 
be made use of a stmt glass tube, closed at one 
je^reqaity, and divided into equal parts. He intro- 
duced at tdie bottom of this tube som^ drops of the li« 
quid, such as water, whiph he wished to subject to (he 

♦ Opticc Lucis, lib. III. <^U9est. 31, p. 3-22. > ''* 

t BiUiotbeqiie BiT|an., Na MO, vol. XX. p. SS8 et seq..' IfgiKhcftcr 
Memoirs, vol. V. 
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experiment, and inclosed in the same tube a* gas, such 
as air, by charging the latter with a column of mercurr 
more or less high, according to the subject he proposed 
to investigate. He next immersed the closed extremity 
of the tube into water of a given temperature, and after- 
wards observed by the motion of the mercury, the ex- 
pansion of the gas and of the vapour united with that gas. 
We shall here exhibit the formula which he deduced 
from his observations. 

312. Let us denote by p the pressure sustained by the 
gas alone, before the experiment, at the given temper- 
ature, p' thiat which the vapour alone is capable of sus- 
taining at the same temperature, v the primitive volume 
of the gas, and v' its volume after dilatation, at the term 
where the mixture is in equilibrio with the pressure P. 
Supposing the three former quantities known it is re- 
quire4 to determine v'. 

Now we must conceive that in the first instant, wherein 
as yet the air occupied only the volume v, there is in- 
troduced an equal quantity of vapour; and since the force 
of that vapour when alone rhakes an equilibrium with the 
pressure"?' which may also represent the elasticity of 
the vapour/ Vre are at liberty to suppose that this elasticity 
was ett^proyed in sustaining a part p' of the pressure p 
with which the gas alone was previously charged, so that 
this fluid is pressed by no more than a force equal to p— p'. 
ft win dilate itself therefore by its excess of elasticity. 
But as It is dilated it forms a new quantity of vapour which 
is always proportional to the augmentation of vohime,, so 
that the pressure to which this vapour makes an equi- 
librium at all elevations, or, which comes to the same, its 
elasticity is constantly equal to p'. The gas will continue, 
therefore, to dilate itself till it reaches the limit where the 
residue of its elastic force is no longer capable of ba- 
lancing the pressure p : and since the dilatations or the 
volumes are in the inverse ratio of the pressures, we shall 
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VP 

have v': v: : p : p — p' ; whence we find, V = ■ 7 and 

p— p . 

vp' 

Let us suppose that, the gas being the common air, and 

the vapour that of water, we have p=27 inches, p' = 4 

inch, and let us assume v=l. The formula will give. 

27 54? 

v'= —J — p = -— ; that is to say, in this case the air is 

dilated in the ratio of S^ to 54, which corresponds with 
the result pf Saussure (309). 

Let p = 20 inches, and p' = 10 j we shall have v' = 2, 
if V remain as before 5 so that in this case the volume is 
doubled. 

When p' is equal to p, the elastic force of the vapour 
entirely destroys the effect of the pressure it sustains from 
the air; and as this is constant during the whole time of 
the dilatation, because of the new vapour which is con- 
tinually generated, the dilatation has no limit} and this 
is what is indicated by the fbrqiula in which the value of 

vp . , an 

v' becomes then—, an expression obviously denoting 

infinite quantity. 

313. The preceding representatk»i kads us to two 
consequences : first, that in the union of a vapour with a 
gas, the elasticity of the mixture is the sum of the elasti- 
cities which the composants would have had, if each of 
them, occupied the space filled by the mixture. For the 



(/) The juvenile reader may easily convince himself that these two 

values of v' are identical though under different shapes, by converting 

vp' 

the mired quantity v -^ into its equivalent improper fraction 

p— p' 

V p — v p' -f- v p' 

— , the two last terms in tiie numecator of which, having 
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contrary signs, destroy each otl}^,, land .to»YC . j ■, for ^e real value 
©f v'. Tr. iV 
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felasticit jr bf the mixture is p, which is equal to the elastic 
tity p — p' of the gisy + tte elasticity p'of the vapour. 

3 1 4'. From the second inferfence we learn, that thd 
Volume of the mixture, after its dilatation, is the siim of 
the volumes which the composaht {Kdrts wotild have oc- 
cupied stparately> under the primitive pr^sstite su^ined 

fey tiie gaS; For, in the formula v' = v H r* v re- 
presents ihe printitive volume of the aiti Let v be the 
volume into which the vapour would be tdntracted by 
the pressure p: so shall we have ♦: v'::i*':>j or, i?: 

;-::P':p. Whence we find v === -j-i a quan- 

tity which Ivhen added to v, gives the total volumfe. 

a 15. Thl^s^ r^^ult^ ^nstittit^ a cuHodB addition tb the 
theory of eldistie fluids : but thfe t^Tiy ih ^Wch out autKdi' 
Kds consideried this isubject lis ilot sheM^rdd ifrbm diffi-^ 
tulties. He conceives thdt when a Vapour, ^uch a& 
Aqueous vapoili-, h m{±^ fdr i^xample with atmo^he^ic 
air, the iholecul« 6f edch fluid re{}d one andther ihutu- 
ally, without either of them exercising any action upon 
the JJarticles of tne other fluid. Thus, at the very instant 
bf the mixture, the elasticity of the vapoUr disburthens 
Ihe air of a pslrt of the pressure which it sustained. This 
air therefore is dilated by the excess of its elastic forces 
tmtil the part of it which remaink, together with the 
elasticity 6f th6 vapour^ aire in equilibrio with the pressure* 
In thi^^tate of thin^ the molecuix of each fluid are sd 
interposed between those of the other> that if we suppress, 
mentally, those of the vajpour, and suppose that the air 
has only to stippoirt the pressure ,p-—p', there will be 
no change produced ill the disposition of its mbleculae. 
The same thing will obtain with regard to the vapourj 
if it be supposed that the air is evanfesceht* ' These are 
two ^arts of the s^me system which act independent- 
ly bflig of another, like Mo distinct series of little 
springs inserted bae kind between the otheri so that 
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^ofte of ^ach kind might exercise their force separatelf • 
If any particle of one of the fluids experiences a resist- 
ance on the part of the moleculse of the other^ it coilkki 
tonljr be a resistance of percussion, so to speaky a resistance 
«milar to that which obtains in the collision of solid 
bodies, and which, of course, can only exist accidentally, 
in consequence of contact. 

316. Many objections drawn firom the principles of 
chemistry have been opposed to this doctrine ; and na 
person has better defended in this point the laws of affi- 
tuty than Bertholet, in that elegant work in which he has 
presented the theory of this force in a manner so novel 
^obA so worthy of his genius *• But, that we may confine 
ourselves here to a single consideration drawn from phy-^ 
^8, we -shall observe that the view of the subject taken 
by the celebrated English philosopher does not appear 
to accord with the hydrostatical principle, that the pres- 
sure to which a fluid is subjected is equally distributed in 
all (brections^ so that each point of the fluid sustains the 
Ivlicde entirely. It follows that in the hypothesis of Dalton^ 
^each of the composants, resisting only a part of the pres- 
sure, would yield to its superabundant force, and the 
Vapour would be reduced to water {gy. 

To place things in their true point of view, we shall 
imagine, instead of the v^pdur which introduces itself 
tnto the air, a fresh quantity of that air possessing the 
Same degree of elasticity as the v4>our. This new air 
will separate, by its elastit force, the molecule of the 

* Easai de Stati^ue Chimique, part. I. p. 485, et scq. 

{g) 1^. John Gough of Middlesbawy near Kendal, (a gentleman wbo^ 
«ltho«^ he is deprived of sight, possesses great depth of mathematical 
and philosophical knowledge, as well as other most extraordinary ac- 
quirements), has objected to Mr. Dalton*s theory as repugnant to the 
pciociplies of the ffiechanictl philosophy, and contradictory to some well 
established fM:ts. Severa controversial papers on this topic, by Mr. 
Dalton and Mr. Gough, arc published in the Manchester Memoirs^ vol. I. 
Kew series. An abridgment of them is inserted In No. 5, of the Rttf* 
^ect (f Fhihtofhical H^c DukiHtlet, Ta. 
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former, and the whole mass will assume a unifbnn defi« 
sity, such that this mass after its dilatation will be in 
equilibrio with the pressure which U equally distributed 
in every part. But, the vapour united with the air is 
in the same situation as that new quantity of air of which 
we have been speaking. It separates, in like manner, the 
particles of air between which it has introduced itself, and 
its own mbleculae adjust themselves to the degree of den- 
iBity requisite to make equilibrium with the pressure: the 
only difference consists in thiSy that the air which, as we 
have seen (296), exerts its affinity upon the water it nuses 
by evaporation, continues to exercise it upon the vapour 
with which it is satiu-ated ; and the effect of this affinity 
is to prevent the vapour from yielding to the pressure^ 
which would, otherwise, force that vapour to return to. 
the liquid state. 

317. Reasoning from the results which we have ex* 
plained) and combining with them those obtained by 
Gay-Lussac, with respect to the dilatation of elastic iluid» 
a remarkable approximation has been obtained for the 
idea of which we are indebted to the illustrious Laplace. 
Saussure has found by a direct experiment, as we have 
already said (SOS), that the quantity of aqueous vapour 
contained in a cubic foot of air^ at the temperature of 15** 
on the thermometer of 80 parts, is about 10 grains. But 
this vapour is here in the same state as if it occupied alone 
^ space equal to a cubic foot under a pressure of 6 lines 
(307). Let us now enquire, from the theory of dilatation, 
what, according to this hypothesis, will be the weight of 
the same vapour. 

It is known that at the temperature of 80°, and under a 
pressure of 28 inches (French), the vapour of water is 
about 1600 times lighter than liquid water. A cubic 
foot of water weighs 70 pounds (62rlbs. averd.) j whence 
it follows that the weight of a cubic foot of aqueous va*- 
pour at 80" p, and under a pressure of S8 inches, is equal 
to i-l°is lbs. Let U9 suppose that this quantity of vapouri 
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by remaining always at a temperature of 80* R, sustains 
only a pressure of 6 lines : its new volume will be to the 
primitive volume in the inverse ratio of the pressuresi 
that is to say, as 28 inches is to 6 lines, or as 56 is to 
unity : therefore, after the dilatation a cubic foot of this 

vapour will weigh only - -7—^ — -^ — , or xrW ^^ ^ pound* 

But this volume being calculated upon the supposition 
of a temperature of 80° r, we must reduce it to what it 
would be at a temperature of 15^ R, which is that pos- 
sessed by the aqueous vapour in Saussure's experiment. 
NoWf Gay-Lussac has found that the gases are dilated 
about th^ -j^ of their volume (288), in passing from the 
temperature of thawing ice to that of boiling watery 
whence it follows that if we will content ourselves with 
a moderate approximation, we may suppose that the di^ 
Natation is -fj^ of the volume, for each degree of heat. 
Consequently the density of a quantity of vapour whose 
temperature is 80*^ r, is ^to that of the same quantity at 
15** R, as 1 + 4^ to 1 + -^^ or as 293 to 228. Since^ 
therefore, with equal volumes the weights are as the<leap 
6ities,^ the weight of a cubic foot of vapour at IS"* &, is 

29? lbs. , ^ ^ . * 1 j.ir • 
— , or about 9*3 grams *j a result dinenng 

but little from that of Saussure : such Is the advantage 
of experiments even when insulated, if they are acturatdy 
performed. 

* See in the Bulletin da Scienees de la SocieU Thilomath.^ ventAse aft 
II9 p. 180, an article by Biot, in which that learned mathematician* 
after having explained the results of Dalton's theory, gives the calculus 
l^btiVf to the approximation we have now been conaidefing. 



On Wimiti and Aqueous Meteors,. 

S 1 S. The atmosphCrt is continually solicited by theactiort 
cf rarious causes, such as lieatj vapours, &c.» which acting 
nnequally upon dift'ereiit parts, tends to make a change 
in the ratio of tiicir specific gravity, and that of their elas- 
ticity; and tliese are, ill general, the causes whence iviiidi 
originate, by displacing a portion of air, and communi- 
cating to it a progressive motion. Winds are very justly 
denoted by the upellation currents i^'air. 

319. The intensity of the force of the wind varies 
between widtly extended hinits, frwn the slight agitation 
wliich produces the zephyr up to that impetuous motion 
Kfhence hurricanes result. M. Kraaft, who has made 
observations on the velocity of the wind at Petersburgh, 
says tlwt he once found it 109 feet (35'4 metres), and 
another time 120 feet (39 metres) per second* (A). 

320, Winds follow an infinitude of different direction!) 
some oblique, others parallel to the horizon. But in the 
Usual estimation of the direction of the wind, we thnit the 

* Encyclop. Method, ^larine, t. Ill, li psH, pa, S73, 
(S) The most decisive cireumslana; lending (o shew the great Tclocitr 
rA biisk winds, U that of tlie lapid passage of ibe cilcbralcd aeronaut M. 
Garnciin, rn>m London t« Colclieslei. On (he SOth of June IB03, the 
wind being strong though not impeiuous, M. Garnciiii anil another gen- 
tleman ascended with an inflammable air balloon from Itanelngh Gardens, 
Mi Ihe sontbwest of London, between 4 and b a'cVxk In the afternoon ; 
-and in ciactlj three quarters of an hour tkiey descended near the sea, at 
.the distance of « miles from Colchester. The distance of the placet of 
ascent and descent is at least 00 miles ; so that, allowing no time for the 
eltralion and deprc'^siun of the halloon, but, supposing the whole period 
01,-cui'ied in trans-ferring it in a path nearly parallel to the earth's siiifacc, 
its Ttlociiy must have been it the rate of so milesper hour. If, there- 
fore, the wind moviid no faster than the balloon, its »clodiy was then BO 
miles per hour, or 1 1;) feet per second; a ctlvrity but little less than the 
grtilosl assigned by Kraaft : and hence it is piobable, that the velocity of 
very imi>cluous w;udi ii not Itis tlian 1 30 or 1 10 led per itcond. i'R. 
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€onsi()enttioii to the point of the horixon frotn Whence it 
appears to proceed in order to reach the observ^f ^ who is 
regarded as being above the centre of the circle ; and the 
drcumference of that circle is imagined to be divided into 
32 equal parts by 16 diameters^ which gives, estimatinjgr 
from the circumference to the centre, 32 directions, which 
are taiamed poUas cf the compdss^ or rhumls \ the whole is 
called by the French Id rose des vents, by the English /& 
contpass emrd. See fig. 30. pi. V. 

One of the diameters^ whic^h coincides with the meri^ 
dian at the place of the observer, points out the North hf 
one of its extremities^ and the South by the opposite one« 
The diameter which intersects the preceding at right 
angles indicates the East on one side, and the West on 
the other. These four points arte named in general Cai^* 
Siftsi points. 

The names of the intertnediate points between the 
cardinal points, participate of the names of those points^ 
combined two by two, three by three, without ad- 
dttion^ or three by three with the interposition of the 
Iraction j^, in proportion as the corresponding points 
Jitifadividedi into parts always smaller, the space 
cj^prised between two neighbouring cardinal points* 
This nomenclature is founded upon the following princi- 
ples: 1st. In the binary combinations, as North-East^ 
South*£ast, &c. the name of North, or that of Souths 
always retains the first place. 2d. Every tern^^ombi» 
nation, without addition, such as North-northiieast, East- 
Qorth-ea^t, &c. is given by the name of the nearest car- 
dinal plaint, foUowlsd by the neai'est binary combination* 
Sd. With regard to the ternary combinations, with the 
addition of the fraction •}, there Is a distinction to make. 
if the point to which the combination answers is hear a 
cardinal point, the combination is formed of the name of 
that point, and then of the fraction f, to which the rtame 
of the nearest binary comfeination is added. Thus* 
iJorth-qu^ter-6f-North-east, signifies that the point indi- 
Cited by that cotnbination b near the Northj imd that Its 



distance from the North is the quarter of that wfaieh se» 
parates it from the North-east. If, on the contrary, 
the point to which the combination appertains is near 
another point answering to a binary combinatiOQ, 
which is the case with the point North-east-a-qnarter-*^ 
North, the combination is formed of the name of that 
binary combination, and of the fraction \^ with the 
name of the nearest cardinal point ; whence it is evident 
that this mode of combination is the inverse of the. 
preceding. Among the. variable directions of the in- 
finitude of different winds, the thirty-two now mentioned 
have been chosen as a kind of limit to which all the 
others are referred (ij. 

321. Winds, considered in relation to their duration^ 
to their returns, and other similar circumstances, are 
divided into general, periodical, and irregular winds. 

The general winds or those whose action is conti- 
nual, and follo\ys one constant direction, predominate 
twetween the tropics, and rarely beyond them. Such is 
the East-wind, of which we have given the most natural 

(>) The only differences between the nomenclature of the compass-card, 
as described by M. Haiiy, and that which now prevails in England, are, 
1st. In cases where the French place the fraction \ between the name of a 
cardinal point and a binary combination, the English place the preposition 
ky between the name of the cardinal point, and the last name of that bi- 
nary conihination : thus, instead of Nord quart de Nord-Eastj we say, 
ISforth by East. 2dly. In cases where the French place the fraction after 
the binary combination, wesubtitute the word by for the fraction J: thus, 
in'^ttad of Nord-est quart de Nordy we say North-east-by- North. Our mari- 
ners likewise divide each of the 3-2 points into quarters, which they de- 
note by fractions, as N 4 E, N 4 E, N | E, N6E, N i E iE, N^E^E, 
/cc. ; as may be seen under the article Compass in I lutton's Dictionary, 
or in Table 9 at the end of Mackay's Navigation : but these subdivisions. 
are too minute to be recommended. Indeed, in our opinion, nothing but 
the force of custom will authorise the farther use of even the 32 points; 
since their subdivisions do not well accord with either the common or 
decimal division of the quadrant. Instead of the usual characters, such 
as N 50° K, N 34^ W, &c. meaning 50** fr©m the north towards the 
east, 31° from the north towards the west, &c. would answer every pur- 
pose, and would be nmch more ready in computation,. But this is a point 
which ufcd not here be dwelt upon. 'I'r, 
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explication, making it to depend upon the farefaction 
of the air produced by the solar heat (280). The Pe- 
riodical winds, named also Trade-winds and McnsoonSp 
blow constantly for several months, and are usually 
followed by contrary winds of an equal duration. 

The irregular winds are those which blow from dif- 
ferent quarters in the same country, without conform* 
ing to any period or any determinate duration : tiiese 
are the most ordinary winds in temperate cfimates. It 
Tery commonly happens that two or three of these 
winds blow at the same time, one above another, in 
different directions * : and sometimes a violent wind is^ 
•experienced upon a mountain at the foot of which the 
air is ti-anquil ; at others, the contrary circumstance 
takes place f . 

322* l%e accidents sometimes occasioned by the 
Tiolenee of winds, are amply compensated by the ad- 
vantages we derive from these currents of air. They 
are these, which in great cities, cause a salubrious air 
to suoceed an air vitiated by noxious emanations. They 
transfer from place to place the clouds that are de- 
stined to scatter over the earth those rains which render 
it fertile: they are the vehicles of a multitude of seeds, 
which being provided with wings or down, are wafted 
to all parts during the autumn, and keep up a constant 
circulation of vegetable riclies between different 
soils ^A:^. 

♦ Maschcnlm)ck, Essai dc Physique, t. II. p. 879. / 

f Deiuc, Reclicrchcs sur Ics Modific. dc rAtmosphere, No. 730. 
{k) M.Hafiy, probably considering the most plausible theories of wind« 
' as almost altogether hypothetical, has said but little on this subject. And 
indeed, when we reflect attentively upon the nature of winds in genera!, 
considering all the causes which disturb the equilibrium of the atmo- 
sphere, the great mobility due to its fluidity and its elasticity, the iti- 
flnence of heat and cold upon the latter, the immense quantity of vapour 
with Which it is charged and discharged alternately, the mutual eflfect of 
' contiguous aif and water in motion, the varied attractions of the twi and 
* taoon, upon the aerial fluid, and finally the changes produced by the «MCh*s 
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32a# Human Industry has found in the force of th4 
winds a most powerful uioyer, whose ipipulsion upoa 
the sails of ships direct^ t}io$e floating edifices towards 
places where nature abounds in production^ valuable 
in ^on^merce, or useful to the progr^s of natural his-* 
► toryt Before the invention of our mills, what strength 
€>f arms and repeated efforts were employed in grind- 
ing the corn from which w^ derive our most solid 
nutrioient ! The action of the wind supplies all this, 
by exerting itself upon four sails which perform the 
office of levers, and whose surfaces, incline4 two and 
two in a contrary direction, receive, by means of this 
ingenious di^'sposition, such motions as conspire to pro^- 
4uc^ the rotation of the a>vis upon which the sails are 
fixed *' 

fotation in the velocity of the atmospjierical moleculae at different paral« 
klf of latitude; we shall no longer be astonished at the iaoonstanqr ai)id 
Wiety which infringe upon the regularity qf some of oui iji^ndf » or at the 
extrenie difficulty of reducing the whole to laws wearing the semblance 
of certainty. The most ingenious theories of the periodical winds we re- 
collect, are those of Mr. Hadley, ftrst proposed in PhiL Trans, vol. xxxix. 
p. 58, and lately revised by Mr. Dalton in his Mtttorological Essaysy^ 
and of Pr. Halley, first published in PhiL Transac, vol. xvi. p. |53, and 
recently defended by Dr. Kirwan, in his paper On the FariaHonsof thc- 
Atmosphere. In the latter mentioned paper Kirwan has given some in- 
teresting information relative to variable winds, as westerly, easterly, 
southerly, northerly, and opposite concomitant winds ; also relative to the 
succession of winds, and the Scirocco, See likewise the Phil. MagazviCy No. 
00. Some curious facts respecting winds, and waves on the surface ©f the 
sea, are related by Mr. Horsburgh in the Phil. Journal. No. 60. Tr. 

* Let AB (fig. 31.) ibe projection of the anterior surface of the mil!^ 
m n that one of the sails or vanes whiph we wilj suppose to be arrived at the 
highest point of its rotation, m'n that of the sail opposite to the preceding, 
and which is therefore at the lowest point of its rotation ; let, moreover, 
fg be the direction of the wind, to which the surface A B, whose surface 
can be varied at pleasure, is always perpendicular. The force of the win^, 
which acts obliquely upon the sail m n, according to the line o r, is resolv- 
able into two other forces, of which the one, represented by o s, and parallel 
to m 71, produces no part of the effect ; and the other, represented by o ty and 
perpendicular to mn, impels the sail from the left to the right, or from A 
to\vards B. Adopting similar reasoning with respect to the inferior vane 
pt'n, we shall hence conclude thjit the force o't! f^yfhich performs the sarad 
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324. We have given the iiame of meteors to a]i 
bodies which, either suspended or in motion in our 
atmosphere, become there the agents of some pheno- 
menon. We only propose to consider here those 
which owe their origin to the aqueous fluid. 

325. When the vapours diffused through the air are 
separated from that fluid by the eflect of refrigeration 
or of some other cause, they approach eacb other^ aod 
tend towards their return to the liquid state; a^id when 
their specific gravity which becomes augmented, is aloae 
liearly equal to that of the ^ir, they remain suspended ia 
th« atmosphere, iind^rthe form of fogs, or of clouds. But 
if their condensation becomes so great that the drops of 
rain wliich result from it can no longer be sustained by 
the aiPy. that circumstance determines their precipita- 
tion , which, ia the ordinary cases, produces a rain 
li^re or less abundant. 

326. Snow is occasioned by a similar precipitation^ in 
wbiph the water is reduced to very small globules whiph 

iiinQliom uqi, actt to make thf vane mV move from right to left, or from B 
lowaids A. But this action concurs witb that which is exerted upon the au- 
perior vane, to produccthe same motion of rotation j instead of which* if the 
inferior sail were disposed in the same plane, as that above, the two motiont 
Yfould destroy each other. What has been here said of the actions refative 
tsthehigfaest position of the sails, applies equally to aU the other positions* 

It is easy to see that the sails would reniain immoveable, if mn and nf n* 
bein|; parallel to AB) received the impulsion of the ¥riild directly; or i^ 
xlieing perpendicular to A B, they had the same direction as the wind. Xi)tfc 
ia, tbeijefbre, bptween these two limits, an obKque position under wfoicfti 
the fosoe of the wipd is a maximum ; and mathematicians have demoQ- 
^trated that the wMiimMm obtains wlien the angle orn which the directi«a 
of the wind makes with the surface of the sail, is 54? 44' 8'^ (/). 

(/) Our author's view of this subject is meant to be popular, and thtrefott 
^Aoes not entex into minutiae : yet it may not be improper to add, that^ 
wkai the satis are f produce a maximum effect, the whole of one sail ts ooc 
tP hp confined to tiie same plane ; but ought to be turned more towa&ds the 
wind in the extreme parts where the motion is swiftest, than in the pacts 
nearer to .the alis of motion. On this subject the reader may consult 
Maclaurin's Fluxions, vol. i. Gregory's Mechanics, vol. i.< and the ttf- 
dxtions in the sd vol. of Birewster's Ferguspn. Tji. , 



mre congealed in the midst of a cold air, and, sev'eral 
uniting together during their fall, arrive at the earth 
tinder the form of a species of star of six rays (204), if 
their crystallisation be accomplished in a calm air, of, 
in the shape of irregular flakes, if the agitation of the 
atmosphere cause the crj'stals to strike against one 
another, and thus to become imited in groups. 

S27* Hail differs from snow in many circumstances, 
of which one of the most remarkable is the very eppdi 
©fits formation, which only takes place during hot 
' seasons. It arises from a shower of water whose drops 
are congealed by the effect of the very cold temperature 
which then reigns in the higher riegions of the atmo- 
sphere. These globules of ice then present to thte 
■ aqueous moleculae which they meet with in their path a 
kind of nuclei, about which those moleculae arrange 
themselves, and become congealed in successive Con- 
centric shells, so that the volume of each globule be- 
comes augmented. Hailstones, however, are rarely 
spherical ; their form, on tlie contrary, commonly 
presents cavities and angular parts. Some of tbetn 
appear to be an assemblage of many stones of a smaller 
volume, collected together during their descent. 

325. Another phenomenon, which we should greatly 
admire if it were less formidable, is that of the water- 
spout. It proceeds from a cloud which exhibits itself 
in ordinary cases under the forna of an inverted cone, 
whose base adheres to the other clouds, to which the 
cone is, as it were, suspended. When the water-spont 
is formed above the sea, the water corresponding -to it 
is elevated ami forms a second cone, whose axis is in the 
same direction as that of the superior cone. The water 
which is precipitated from all parts of the water-spout, 
and with which is sometimes combined an abundant 
hail, is driven along by impetuous winds which ovU- 
rageously whirl tlie whole about. The ravages occa- 
sioned by this meteor are very terrible. It tears up 
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by the roots the strongest trees, and throws them far 
from the places where they grew. If it pass over a- 
city or ^own, it overthrows roofs, chimnies, or even 
the walls of the houses, and sometimes tears up the iron 
bars that support weathercocks, &c. The mariners^ 
tvhen they perceive a waterspout, exert every effort 
to sail away from it, under the apprehension that if it 
were to fall upon the vessel, it would sink it in an 
itistant. This meteor is much more rare upon land 
than at sea; but there it shews itself with sufficient 
frequency during great heats, and after a long calm*. 

329. The variations of the atmosphere, by augment*. 
iT)g or diminishing the pressure exerted by the air 
upon the mercury of the barometer, causes the column 
of that liquid to lengthen and contract, in such man-* 
ner that the quantity of the pressure in question is indi- 
cated at every instant by the number that answers to 
the height of the mercury: and since it pretty fre-- 
quently happens that the barometer falls when the air 
is much agitated, or at the time whea it is likely to ' 
rain ; while oh the contrary it rises at the approach of 
calm and serene weather, there are joined to certain 
degree of the scale, such indications of the state of the 
sky, ice., as the height at which the mercury then 
statids ^ems most commonly to presage. But ob- 
servation proves that fine weather and rain have not 
u constant and regular influence upon the variations of 
the barometer, which have no exact ratio except with 
the pressures ; hence it may be said that the arithmetic 
of this instrument is more certain than its language. 

Evert on the supposition that the predictions of the 
barometer always accorded with the facts, i;t would be 
requisite that we should know ,how to apply this ac- 
cordance in a satisfactory manner. But notwithstand- 
ing the ability of the philosophers who have devoted 

• Encyclop. Method., Marine, vol. iii., part a. p. 7Pl. 
VPL, I. U 
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their attention to this subject, and generally to all that 
is connected with the vuriations of the atmosphere, it 
seems to us that the theory which has been given still 
leaves much to be desired. We have, however, some 
principles solidly established w^hose connection- with 
the object of tliis theory encourages us Co hope that 
they \s\\\ some time be advantageously employed in the 
required developeraent. Such are those which result 
from the experiments of Le Roy, Gay-Lussac, and 
Dalton. It is by combining these principles with a 
series of observations on the state of the atmosphere, 
that we may be able to remove the numerous diffi- 
culties that present themselves, to comprehend the 
diversity of phenomena the aggregate of which should 
be embraced by the theory, and that of the causes 
which so freqtiently combine in the production of a 
single phenomenon. 

On the Origin of Fountains. 

330. Evaporation has furnished the true explication 
of another circumstance' w^hich had long embarrassed 
philosoplicrs. It is seen that brooks and rivers run 
contiiiuallv from their sources towards the sea, and 
yet that those sources are not dried up. The sea 
receives on every side the tributes of these different 
waters, and yet the sea does not overflow. Hence it 
lias been inferred that the waters must return from the 
seas to the fountains, and that nature has established 
between the former and the latter an uninterrupted 
communication. But by what chamiel is this retura 
accomplished? Where are the conduits which carry 
back the waters of the sea to the sources of fountains? 
How do they lose their saltness in rfieir passage? This 
was the point w here the difficulty resided ;' and to 
resolve it recourse ha^ been had to different hypo- 
theses more specious than solid. 
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Some philosophers, adopting the idea of Descartes, 
nave thought that the waters of the seas travelled 
through subterranean canals to deposit themselves in 
great caverns situated at the base of mountains; where 
by vaporisation they become freed from their salt, and 
after being elevated to the upper parts of the cavity, 
they are condensed by cooling, and thence flow to the 
origin of brooks and rivers. This it Will be seen is a 
true distillation similar to that which is performed in 
the laboratories of the chemists. 

According to others, the waters of the sea, impelled 
hy the action of the flowing tide, may introduce them- 
selves into the earth by a great number of fissures, in 
which they undergo a filtration that takes from them 
their salt. This kind of canals whose ramifications are 
extended in every direction and every part, may thus 
conduct the waters to the places where their junction 
forms springs. 

If we estimate the value of such hypotheses accord- 
ing to the notions of a sound philosophy, we shall 
easily conceive that to admit into nature these alembics 
and these filtres would be to lend her the means of 
art, and then constrain her to copy them ; though this 
would in many cases be to present her with a model 
not to be imitated. We shall also conclude, after all^ 
that we need not seek for any ojher origin of fountains 
than that of rains themselves; and the following is what 
observation and reason equally dictate with regard to 
this object. .^ 

331. Water i^ raised from all parts into the atmo-* 
sphere by evaporation. Sea water d^.osit^ its salt, in 
proportion as it yields to the attraction of the air. A 
part of the dews and showers which arise from these 
Waters, fall upon the summits of mountains: indeed 
those summits appear to act by affinity upon the clouds, 
aod to detain them in their neigbbburtiood* It h^i 
been observed that a cloud w]bich met with a peaked « 

2 
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hill in its parage, gradii:illy disappeared as its diffci-ant 
parts approached to contact. The waters would iu 
tliat case descend gradually, as in a filter, into the 
qarth composing the hill, until they reached an im- 
pcnne^^lc bed; and from thence they would issue at 
diflcrcnt places on the sides and at the foot of the hiil, 
where i!he reservoir into which tbey run would shew 
itself openly. 

In primitive mountains the waters fiow along hard 
stones, which compose, as it were, the ficaffolding o£ 
those great masses, and from the junction of such 
streams torrents are formed. The secondary moun- 
tains, whose constituent matter is softer, and in a 
manner spongy, permit the waters to [lenetrate to a 
greater depth, wliere they are arrested by a stratum of 
clay whose slope they slide along, till they meet witli 
joints in the neighbouring strata through which tiiey 
discharge themselves. Those which do not appear at 
the surface continue to run along in ilic bosom of tlie 
earth, wjicnce they are drawn upby men to tljc mouths 
of wells sunk near their habitations. 

332. But do we not impute too much to evaporation 
when \\K suppose that it alone can furnish the immense 
quantity necessary to supply so many springs; es- 
pecially when we take into the account that which is 
lost iu brooks and rivers, which serves for the drink of 
animals, or ivhicli is absorbed by plants? Mariotte, in 
his Treatise on the Motion of Water, has discussed this 
yquestioit with his usual exactness, by comparing th^ 
quantity of rain water which fell at Paris anci its en- 
virons in the compass of a mean year, with that which 
passed, during the same time, under the Ponl-Iioyal: 
the result of iiis observations and calculations was, 
that the water which falls iu rain, &c., so far exceeds 
the quantity requisite to maintain the course of rivers, 
and to fill the pools, that we must suppose the remain- 
der employed with an excessive profusion (ifwemaj 
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he allowed such language), in supplying the necessities 
of vegetation, and other particular sources of consump- 
tion. Thus the solution of the difficulty seems to fur- 
nish a new obiection, of a directly contrary kind {?«). 

• 

(w) Dr. Hallf y deduced a nearly similar theory of the origin of springs 
from his experiments on evaporation, whose result is contained in the' 
following aiticles ; i. That water salted to about the same degree as sca- 
watcr, and exposed to a heat equal to that of a summer's day, did, from a 
circular surface of about 8 inches diameter, evaporate at the rate of 
ounces in 24 hours : whence by a calculus he finds that, in such circum« 
stances, the water evaporates l-ioth of an inch deep in U hours : which 
quantity, he observes, will be found abundantly sufficient to furnish all. 
the rains^ springs, dews, &c., even without taking the wind and ether 
causes of evaporation into the account. By this experiment, every lo 
square inches of surface of the water yield in vapour />wrfi>m a cubic inch 
of water: and each square foot half a wine pint ; every space of 4 fect^ 
square, a gallon; a mile square, Oqi4 tuns; and a square degree, ofj&9t 
English miles, will evaporate 33 millions of tuns a day ; and the whole 
Mediterranean, computed to contain 160 square degrees, at least 5-2 60 
millions of tuns each day. Philos. Trans, vol. xvi. or New Abridgment, 
Tol: iii. pa. 317. 

In the next volume of the Transactions (or Abridg. vol. iii. pa. 437) the: 
poctor applies these facts to the circulation of the water and the origin of 
springs in the following manner. Those vapours that are raised copiously 
in the, sea, and carried by the winds over the low lands to the ridges of 
mountains, as the Alps, the Pyrenees, Mount Caucasus, the Montes Lu* 
fiae, &c., are there compelled by the stream of the air to mount up with it 
to the tops of the mountains, where the water presently precipitates, 
gleeting down by the creVices of the stone ; and part of the vapour entering 
into the caverns of the hills, they are collected into the basins of stone 
they find there, which being once filled, all the overplus of water that 
comes thither runs over by the lowest place, and breaking out by the $ide» 
of the hills forms single springs ; many of these runniug down by the 
valleys or guts between the ridges of hills, and uniting, form little rivulets 
or brooks ; many of these again meeting in one c«ramon valley, and 
reaching the plains, become less rapid and form a river; and many of thes< 
being united in one common channel, make such streams as the RhinCa 
the Rhone, and the Danube ; which latter could hardly be supposed to be 
supplied from vapour, did we not consider how vast a tract of grooild that 
river drains, and that it is the aggregate of all those springs which break oa^ 
on the south side of the Qirpathian mountains, and on the nortii side^oC 
the immense ridge of the Alps. « 

Thus then is one part of the vapours blown upon the land, rettimed ky 
the rivers into the sea from whence they came. Another pact» by the.ccyA 
•ef the night, foils in dews, or else in rains^ again inta th« s^iVii bcfm H 
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The explication we have just given, refers these opera* 
tions of nature to her ordinary simplicity. The atmo- 
spheric air, by its own action alone, incessantly attracts 
to it the w aters that are diffused over the surface of the 
globe, and after having served them for a vehicle^ it 
permits them to be precipitated here and there, it 
yields back all which is required, to the thirsty fields 
and meadows whose drought it removes, to the springs 
and sources of rivers which it feeds, and to the ocean 
whose loss it repairs, 

333. The region in which all the different pheno- 
mena occasioned by evaporation take place, does not 
extend to a great height in the atmosphere. Accord*- 
ing to Muschenbroek the most elevated clouds s^Idc»n 
rise above the summits of our highest mountains. At- 
tempts have been made to determine the altitude of the 
atmosphere itself, which would be very easy if the air 
had throughout the same density as it has at the earth's 
surface. It would suffice in that case to take the ratio 
between the densities of mercury and air, or between 
their specific gravities, and to multiply that ratio by 
28 French or 2^9 English inches, which would give 

reaches the land ; which is by much the greatest part of the whole vapour 
because of the extent of the ocean, which the motion of the winds does 
not traverse in a very long space of time. And this is the reason why the 
rivers do not return so much into the Mediterranean as is extracted iu va- 
pour. A third part falls on the lower lands, and is the pabulum of plants ; 
where yet it does not rest, but is again exhaled in vapour, and is either 
carried by the winds to the sea, to fall in rain or dew there, or else to the 
mountains, to be there turned into springs; and though this does not im- 
mediately happen, yet after several vicissitudes, of rising in vapour and 
falling in' rain or dews, each particle of the water is at length returned to 
the sea from whence it came. 

This hypothesis the doctor founded upon his personal observation while 
at St. Helena, where in the night time, on the tops of hills, about 800 
yards above the sea, there was so strange a condensation, or rather preci* 
pitartion of the vapours, that it was a great impediment to his celestial ob- 
servations: for in the clear sky the dew would fall so fast as to cover his 
glifsses With little drops, so that he was necessitated to wipe them each half 
quarter of an hour; and the paper on which he registered his remarks 
%ouid immediately be so wet with the dew that it would {lot bear ink. Tju 
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about IS 1 5 metres, or 5^ miles for tlie height requii-ed. 
But this determination deviates very widely from the 
truth, because of the diminution undergone by the 
density of tlie air in proportion as it is farther from the 
earth. Lahire has endeavoured to deduce the height 
of the atmosphere from the duration of the crepuscu- 
lum or twilight. It is known that we begin to perceive 
the rays of the sun, when that luminary is still de» 
pressed 18 degrees below the horizon. Now those 
rays could not then come to a spectator to whom the 
horizon in question was related, otherwise than by being 
first refracted on penetrating the atmosphere, and af- 
terwards being reflected by "its concavity, from whence 
they are sent back towards the observer. There is, 
therefore, a certain height which the atmosphere ought 
to liave, so that the reflection which produces the cre- 
pusculum stiall commence when the sun is 18 degrees 
beneath the horizon ; and Lahire on computing this 
height found it to be nearly 16 leagues. This result^^ 
however (admitting the accuracy of the calculation)^ 
merely proves that at the distance of 16 leagues the 
effect of the atmosphere to reflect the light is still per* 
ceptible ; so that we are only certain tliat the af ou)^ 
sphere extends at least so far, without being able to 
assign its ultimate limit. 



On Air-Balloons. 

834. After having explained the knowledge hitherto 
acquired relative to the different states of the air, we 
cannot refrain from giving some details respecting a 
discovery which may enable us to collect new truths 
on this subject, and whicli, besides, is in many points 
connected with philosophy. What we allude to is the 
invention of air-balloons, by which Mongolfler has 
given a lasting celebrity to hi* name. 
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The idea of a voyage undertaken by man io tbc 
midst of the air, premised a spectacle so imposing and 
so calculated to excite admiration, that \\'e may easily 
conceive the probability of our meeting more than 
once with men sufficiently hardy to attempt to realise 
it. The flight of birds, on the birth of this sentiment 
of rivalship, seemed to offer the model, of the mecha* 
hism which might serve for the execution of the pror 
ject. But in the first place, a bird derives facility ia 
executing the various motions of its flight from the 
conformation of its body, and from the position and 
structure of its wings composed of feathers of very 
light structure, being in fact hollow tubes: moreover, 
the great muscular force with which they have beeu 
provided by the Author of Nature gives them the ad<f 
vantage of striking the air with such power and rapi* 
dity, as to raise themselves at will, to dart forward, or 
to hover over the same place. , In man, on the con- 
trary, the muscular force, far from compensating the 
disadvantage of the weight, is greatly inferior to what 
it ought to be, all other things being equal, to put it in 
a state to act upon the air, with sucli an excess of velo- 
city, that it may find a fulcrum in that fluid so move^ 
able and so ready to j'ield. Hence the unsuccessful 
trials of all those who have aspired to the practice of an 
art, which they were compelled to resign to the fabu- 
lous heroes of anti(iuity. 

,'^35. We may aim at the same object in another 
way, by substituting for the mechanism of flying that 
of navigation. During the last century, Lana and 
Gallien, confining themselves to simple speculations, 
proposed two different means of accomplishing this 
second object. Lana composed his apparatus of font 
hollow cop[ er globes, from which he had exhausted 
the air, and which being at once very spacious and 
very thin, would become capable, by their excess of 
levity, of raising a man with his support. But many 
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ptiil096pbers have refuted that notion, by objecting that 
such globes could not fcul to be rent by the pressure of 
the atmosphere, 

Callien started an idea which at first appeared more 
plausible in itself, and which consisted in causing to 
float in the atmospliere a large vessel occupied by an 
air relatively lighter than that which supported it* 
The difficulty would have been in putting this prioci^ 
pie into execution ; but as Gallien did not pretend ta 
oflfisr his reader more tlian a philosophical recreation, a 
inethod of performing an ideal voyage, he did iK>t 
trouble himself with prescribing the means^ but merely 
contended, for their [mssibility in nature. In conse- 
quence he imagined his vessel to be as large as a city^ 
and capable of containing an ainny with all appropriate 
ordnance and ammunition, and provisions for a long 
voyage. He then supposed it transported into the atr 
mosphere to such a height that the included air may be 
as light again as that above which it would float. But^ 
to whatever height the sides of the vessel might be ele- 
vated, the iiir which was introduced therein would bc^ 
compressed by its own weight in the same ratio as the 
surrounding air ; and it is easy to conceive that from 
that time the vessel could not sustain itself a single in* 
stant in the midst of the atmosphere. 

356. Thus there had been nothing produced respect* 
ing the art of rising in the air, except unfruitful 
attempts, ^nd false and romantic speculations, when ii^ 
1782, Mongolfier, having reflected upon the pheno«, 
mena presented by clouds which sustain themselves and 
float in the atmosphere, conceived the idea of giving 
very light coverings or wrappers to fcictitious clouds 
composed of vapours produced by tlie combustion of 
various substances. He thought that tliese vapours 
would, when mixed with the air rariiied by the heat 
v^'itbin the respective envelopes or bags, form with them 
a whole specifically lighter than the surrounding air« 



Some attempts wliich he made privatelj with bis brw- 
iher liaviog had ii coinpicte success, tbcy repeated 
their cxpcnLiicnts at Aiiii»nay the following- year, in 
presence of a. ^reat nKiulier of spectators ; when ibey 
made a kind of large bag of linen cloth h»cd with pa- 
per, and lit first unformed, coTCred with pluts, anii 
liangiiTjr down by its own weight, (» become swoln and 
shajrcd by the action of heat, am! aftCjrwartts to rise iit 
lt»e form of a balloon of ) 10 i'eet in circumference, and 
Buk-cd to ascend to the htigiit of lOOO toises. 

It is well known that after this the experiment iras 
frufpiently lepeated at I'uris, and that the machine 
served to elevate men who themselves kepi up the (ire 
in a chafing-dish or small grate prt^crly suspended 
nnder riie orifice of tlie balloon. In the first attempts 
the machine was retained by cords which would per- 
mit it to asCctid to a certain height. But at length 
Pilatre des Rosiers and D'Arlandes, consigning them- 
selves to the balloon when left to itself, passed over a 
space of near four thottSand toises in seventeen minutes, 
and thus furnished the interesting si>octacIe of the first 
voyage made by man through the air. 

Mongolfier in his experimenls burnt aniraal smIk 
stances with straw to inflate the balloon; and he be- 
lieved that the ascent of the machine was part!}' owing 
to the presence of a particular gas, composed of differ- 
ent principles that had been deveit^xxJ in the com- 
bustion. But it is since proved that tliJs effect pro- 
ceeded solely from the rarefaction of tbe.air contained 
in the balloon. 

3S7. Soon after the report of the experiment at 
Aunonay, Charles proposed to substitute for the di- 
lated air, hydrogenous gas, which in the greatest state 
of purity it has hitherto been obtained is about thir- 
teen times lighter than air. He only needed to find A 
covering that would be impermeable to tiiis gas, and 
ill which it nii^lit be imprisoned. This p.-ocess was 
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more expensive^ but at the same time less dangerons 
Ai)d more simple than the former; the balloon wad 
sufficient in itself, and its volume as well as its weigbt 
was found sensibly diminished. Among the different 
substances of wliich the coverings might be constituted, 
Charles preferred taifeta varnished with elastic gum, 
which is formed of the thick sap fnj of an American 
tree wherein incisions arc made to promote the dis« 
charge. He dissolved this gum in oil of turpentine 
before he applied it to the taifeta. He launched from 
the Cliamp-dc-Mars a globe constructed by this pro- 
cess, of about 12 feet in diameter: this globe rose in 
two minutes nearly 5XX)0 toises; it sustained itself about 
thfee quarters of an hour in the air, and then fell almost 
four leagues from Paris. 

Some time after Charles and Robert carried in a boat 
suspended to another balloon of the same kind, and 26 
feet in diameter, passed over a space of 9 leagues 
before they descended ; and shortly, Charles remaining 
alone in the boat, by a new flight worthy of his zeal 
and his courage, rose in the twinkling of an eye to a 
height of near seventeen hundred toises, as if he went, 
in the name of philosophers, to take possession of the 
region of meteors. 

(n) The elastic gum here mentioned is now well known under the 
names Caoutchouc, and ludian Jiubber. I'he 6rst regular account of this 
substance wc have met with was sent to the French Academy in 1730, by 
M» Condamine, one of the Academicians who had been sent the preceding 
year to South America to measure a degree of tlie meridian. He informed 
the academy that in the province of Etmeraldas, in Brazil, there grew a 
tree called hheve by the natives; that from this tree there grew a milky 
juice, which, when inspissated, was caoutchouc. It is now known that 
there are at least two trees in South America, from which caoutchouc may 
be obtained; the baevea caoutchouc, and thejatropha clastica: and it may 
probably be extracted from other species of hxvea and jatropha, as well as 
from several trees of a nearly similar nature growing in the ^ast Indies. 
The specific gravity of caoutchouc is 933*5, that of rain water being 
1000. This substance is improperly denominated elastic gvm ; for it is 
inflammable, insoluble in water, but soluble in ether, oilsy and alcohol ; 
ftfoj^eniiBs vhich cbaiBCteris£ not guins, bat reniu. Tiu ^ 
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In proportion as a balloon of tliis kin<l rises htgbn' 
in the aeriu) regions whose densitv diminishes pr<K>re3- 
•hrely, the ga» being less compressed, makes an effort 
lo expand, i\bidi may occasion the rupture of the bal- 
looti. This accident is prevented by adapting to the 
top of the hallooa a valve, which the iteronaiil has the 
power of opening, to permit the escape of a part of 
tho {;a% when its dilatation lias attained its limit, Wc 
may even moderate the resistance of the valve, so tlwt 
b shall be less than thut of the cloth ; and in this case 
the viilv-e will open of ilseJf to give issue to the gas. 

The aeronauts were obliged to lose more of iheir gas 
when they wished to descend. They huve proposed 
to enclose the balloon in another, occupied by ai mo- 
spheric air; they could then «Mpel at pleasure a poition 
of that air, or could furnish it rfc juno, by means of bel- 
lows adapted fo the exterior balloon, which gave to 
any such aerial traveller a facility in elevating or low- 
ering himself, as often as he wislred, by retaining all 
his inflammable gas. 

33S. The use of bal!oons may lead to fresli tnoiv- 
Jedgc, very interesting and important in the progress 
of ph\"sics. By their aid may he determined at what 
height the winds which blow in the inferior part of the 
atmospliere change their direction, when tliere are two 
opposite c\)rrents one above another: these observations 
vonid be especially valuable '\\i the countries where 
trade-wiiiJs jjrevail. We might go and bring down 
tlic^ air from diiferent elevations, which would be easy 
by taking up vessels filled with water, and then empty- 
ing t!iat liquid to permit the entrance of the air of the 
respective region. The andysis would ascertain the 
ratio jji'twfen the quantities of oxvgen and ii/.iite, for 
each height ('2 W notv). We might seek also to determine 
the law followed l)y the diminution of heat, in propor- 
tion as we rise higher ; a knowledge very useful in the 
computation of astronomical refnietions. Ijistly, the 
-tiidy of the electricity of tlie air and of the dilli^reut 
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VieteorS' niigl^t be enfiched by observations made at- 
hand as it were, and even in the very region where, 
(hose phenomena are produced (o). 



4. On Air cofmdered as the Vehicle of Sound. 

S39. We have now to consider air as being the me- 
diinn which transmits sound. We shall first exhibit 
the general phenomena of sonorous bodies: whence we 
shall pass to the comparison of appreciable sounds, 
fron^ the relation between the number of vibrations 
corresponding to them; and finally, we shall deduce 
from observations relative to the eflfects of wind-in*^ 
struments the most probable theory of the propagation 
of sound. 



On Sound in general. 

340. We may prove by a very simple cxperimentr 
that air is thp vehicle of soimd. It consists in placing 
under the receivet of an air-pump a piece of clock- 
work adapted to produce sound in a bell, and which 
fests upon a bag stuffed with cotton or wool. A va- 
cuum is produced, and then by means of a handle or 
stem which goes through the top of the receiver, a 
pressure is made upon a detent, which being thus un- 
locked, gives action to the machinery; the hammer is 

(o) It was not consistent with the nature of this work to give more thJin' 
a brief sketch of the history and principles of Aerostation. Yet it might 
ha;ve been gratifying to see some little notice taken of the discoveries of* 
l^lack and Cavendish, which were so near the point afterwards attained by. 
Mongolfier. The English reader who wishes to acquaint himself more 
with this subject, may consult Gregory's Economy of Nature, the article 
Aefosi^tion in Hutton's Mathematical Dictionary, or the same article in 
Bfn^>stany of the recently published Encyclopaedia. Tr. 
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The particles of air contiguous to tlic different 
points of the cord assume motions similar to those of 
the respective pcints, that is, they move to and fro 
with them. Each particle communicates motion to 
that which is next to it, that to a third, and so on, till 
the molecule are reached which are in contact with 
the tympanum or drum of the ear. The air then acts 
upon that membrane, by communicating to it its own 
vibrations, which the drum transmits to the auditory 
nerve ; and thence results the sensation of so^iod* 

544. Let us now suppose that the sonorous body is 
a bell, as in the experiment which we have cited. We 
may conceive this bell to be formed of an infinitude of 
rings placed one above another from the base to the 
highest point: at the moment of the percussion each 
ring is compressed so as to assume an oval shape, 
whose greater axis is the perpendicular to the direc* 
tion in which the stroke is made. The return of each 
ring to its first figure is succeeded by a new change of 
iigure producing an oval posited with its axes contrary- 
wise to the former ; and the two changes succeed one 
another thus, till the sound as well as the motion dies 
away. The vibrations of the moleculae which com* 
pose each annulus, excite here als6, in the neighbour^ 
Jng air, a small agitation which communicates itself 
from one particle to another, till the limit is attained 
where the sound ceases to be ^eard ; and nearl}^ the 
«am6 may be said, duly regarding analogy, of alt 
bodies shaken by means of percussion. 

With respect to the degree to which the sound 
yielded by the bell corresponds, we must readily con* 
ceive that the rings situated nearer the base, having a 
greater circumference, tend to perform their vibrations 
more slowly, while the rings nearer the summit, whose 
circumferences are smaller, tend to produce vibrations 
oftener. Here therefore there will be established, 
Ji^ly 4S in the compound pendulum » a compensation 




in Tirtiie of wliicli tlie vili rations become all rediicpiTfo 
ail equal duration, which is a kind of meiliiim bctwpen 
tliat irhich took place for t!ie infenor rings, and tiiat 
which tn«is.urc(l the motion of the upper rings, if ihe 
foniicr and the latter had been insulated, 

34j. An observation very easy to make, and which 
appears to ns to merit heinp noticed, is that of the 
effect produced upon water by the vii>nitions of a 
drinking glass, filled with that liquid almost up to the 
top, while we move a moistened finger briskly round 
its rim, to excite a sound well known to all those who 
have amused themselves with the experiment. What 
has been remarked in such a case is this, the water 
turns round within the glass following the motion of 
llie finger, and at the same time its surface is spread all 
over with minute whitish furrows, which succeed one 
another rapidly, proceeding iVom the periphery towards 
the centre; and if the motion be accelerated, the mo-' 
IecuIjc of the water will spurt up on all sides about the 
glass and upon the hand of the observer. This ex- 
periment succeeds best with a goblet or foot-glass, 
which may be kept in a fixed position by leaning with 
the hand upon its base. 

By using successively glasses of different magni- 
tudes, it will be seen that the wrinkles become smaller, 
and take a more rapid motion, in proportion as the 
sound is more acute. 

34'6. Sound may also be heard, but more weakly, 
throHgii water, whether the sonorous body be plunged- 
in that liquid, or the observer be immersed in it 
himself; which indicates, as wc have before remarked 
(174) that water is compressible and clastic to a cer- 
tain extent, altliinigh it have not yet been perceptibly 
compressed by direct experiments. 

347. All solid bodies whose structure is such that 
a vibratory motion impressed upon some of their molo- 
Gula: will be comaiuuicated through their mass^ara'-. 
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in Gke manner capable of transmitting sound. A fact 
of this kind singular enough, and which the philosophers 
have not disdained to repeat after children, is that which 
takes place when, applying the ear to one of the ends 
of a long beam of timber, we heaf distinctly the stroke 
made by the head of ^ pin upon the opposite extremity; 
while the same can scarcely be heard across the thickness 
of the piece. The reason of this dlfibrenee is, that, in the 
first case the sound follows the direction of the longttu* 
dinal fibres, where the continuity of the parts is more 
perfect than in the transversal direction; and it is re- 
markable that those parts have so much elasticity, that 
the sou^d loses but little of its force in running ovpr tt9 
spac0 which they occupy^ 

348. Sound propagates itself on all sides in right lines^ 
when obstacles hinder it ; so that every point of a sono* 
rous body may be considered as being the common sum- 
mit of an infinitude of very slender cones of an indefinite 
length. Each of these cones constitute what is called a 
sonorous ray : as for the rest, we have only given here an 
unfinished sketch of the theory of the propagation of 
sound, to which we can return and fill up minuter parts^ 
when we shall have exhibited those known circumstances 
which tend to furnish the developement. 

849. Bodies which strike the air immediately, exdte 
also in that fluid sonorous vibrations. Thus thi^ air 
cracks under a whip which is violently agitated, and 
hisses under the stroke of a switch: it becomes equally 
capably of yielding sound, when itself moves with a 
certain v^lo^city to strike a body, as when the wind blows 
against edifices, trees, and other bodies, opposed to its 
passage* 

S50. Sound employs a certain time to difi^use itself 
tjbrough the air, and is longer in arriving at the ear as 
that organ is £uther froiki the sounding body* Philoso- 
phers have sought to determine, by experiment, the ver 
locity with wtich sound is propagated i and to att^ thfi 
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they kave .profited by the fact that the propagation of 
light is» on the contrary » instantaneous as to sense, at 
Ipast in those distances where our measures extend. The 
iexplosion from cannon was well suited to give the results 
Siought; nothing more was necessary than to estimate the 
time that elapsed between the moment when the flash of 
light indicated to the eye the departure of the sound, and 
that when the sound itself advertis^ the ear of its arrival* 
The uncertainty still hanging about the various experi- 
ments which had been made relative to this object, de* 
termined thp French Academy of Sciences, in 1738, to 
undertake them anew; choosing a line of 14636 toises^ 
situated between Monthlery and Montmartre. 

They found that sound had a uniform velocity, by 
which it rah over about 173 toises or 337 metres in a 
second ; so that it was merely weaker at a greater di^ 
stance, but described successively equal spaces in equal 
times. The velocity appeared the same in rainy as in 
settled weaker ; but the direction and force of the wind 
caused some variation. If the wind were directed per- 
pendicularly to the line drawn from the sonorous body to 
the observer, the velocity of sound was notwithstanding 
the same as in a calm period ; but if the direction of the 
wind concurred with that line, then, according as the 
wind moved the same way as the sound, or a contrary 
way, it was necessary to add the velocity of the wind to 
that of the sound, or to subtract it. Lastly, the force of 
sound did not cause any change in its velocity fpj. 

(p) The uniform velocity of sound 1038 French feet per second, as dc-, 
terrained by Casslni and the other French Academicians, is equivalent to 
iro7 English feet ; which is about 35 less than the velocity 1142 assigiied 
by Derham, and acquiesced in by Flamstced and Halley. The Florentine 
Academy found the ▼elocit3rai48- Farther experiments arc required, to 
determine which of these is nearest the truth ; or whether the velocity 
docs not vary in different times, places, and temperatures. Muschen- 
bfoek inclined to the latter opinion, and so have some later philosophers ; 
y«t Derham, whose experiments seem to have been conducted with great 
c^e, says *' That in siU weatlicrs, whether the sky be clear and serene or 
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An acquaintance with the velocity of sound suggests an 
leasy metho^ of estimating nearly, by the flash and report 
of guns, distances which it is important to knottr at the 
instant, such as those from a besieged town, from a ship9 
from a seaport, Sec, 

'- Attempts have likewise been made to determine the 
velocity of sound, by the assistance of computation. But 
the theory gave for that velocity a quantity perceptibly 
finaller than what resulted from observation ; and none of 
the hypotheses that Were invented to account for this 
difference were satisfactory. Laplace, wl|ile reflecting 
upon a phenomenon the knowledge of which we owe to 
modem chemistry, has conceived the possibility of in- 
ferring the solution of the difliculty in question. It is 
known that air in proportion as it is condensed, developes 
^ part of th0 kitent heat which it contained, and which 
jKisses to the state of sensible heat ; and on the con tr ary ^ 
^hen it is rarefied it absorbs a certain quantity of sensible 
iieat, w|iich becomes latent heat. Now, in the propag^ 
tion of sound, the moleculae of air experience successively 
little condensations and dilatations, similar to those of a 
^ring which is alternately compressied and unbent. Th^ j 
devdope^ ther^ore, at the moment of (he condensation^ 
a small, qusmtity of heat, which by raising their tempera- 
ture augments their elastic force, whence there resultt 
an acclbtet^tion in the velocity of their vibratory motion, 
jdfterwards ^irhen the expansion, which is a real dilatation^ 
succeeds, the compression, the small quantity of deve- 
k^>ed heat becomes again insensible; after which the 
^i^e effects recur again, and so on : whence it appears 
that the propagation ought to be performed more rapidly 
than in the case of a uniform temperature. 

^kudy and turbid, whether it snows or rains, thunders or lightens, whe* 
ther hot or cold, day or night, Winter or suninier^ whether the mercUiy ia 
tiM barometer rises or faUs, in all changes of the atmosphere, wind vtUf 
eteepiedf thM the-veloctty of sound is actthcf gcealer nor less; wdy fStm' 
tound will be more or less kmd." Tn. 

x2 
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The maimer in which Biot has applied the mathe^ 
matical sui2#dysis to this ideai gives it a new jur of truth. 
This able geometer .has introduced into the formula that 
represents the velocity of sound, according to the ordi^ 
nary theory, the expression for the augmentation of ve^ 
locity that ought to be produced by heat ; and as the 
quantities which enter this expression could not be de* 
termined without great difficulty by experiment, he pro* 
posed to himself the inverse problem, which consists in 
Investigating from our established knowledge re^)ecting 
the propagatV>n of sound, what ought to be the small 
portion of heat rendered sensible by each condensation! 
and the augmentation of elasticity which is the con- 
sequence of it, so that the formula should accord with 
observation: he has found that the values to which the 
calculus leads exhibit nothing that is incompatible with 
the results of experiments made upon a large scale ; which 
promises a direct solution of the problem, founded on 
the cause we have mentioned, when observation shall 
have furnished the requisite data (jr). 

(9) The common theorem for the space through which sound passes In 

the air, or indeed in any expansible substance, is s = v — f~^ « where f 

is the space through which a heavy body fells in a second* or any other 
time for which s the space is required* a the elasticity ei the. expansible 
fluids which is assumed equal to the pressure it sustains from the atmo* 
sphere, and d the density of the expansible fluid ; a may also be the 
height of the barometer, if the density of the mercury be considered 
as unity. This theorem gives about 96O English feet, for the distance to 
which sound is transmitted through the air in a second, while experi^ 
ment gives 1142 ; the difference between these results M.Haiiy endeavours 
to account for in the text. 

Chladni and ^acquln of Vienna made about IQ years ago some exper|« 
ments with a view to determine the sonorous properties 6f different gases«- 
the results of which being curious may be stated here. By causing a 
small tin pipe, brought into coiiuct with a cock in the neck of a bell glass, 
to be blown by gas contained in a bladder applied to the external aperture 
of the cock, these philosophers observed, that the sound was a semitone 
lower ^ith azotic and oxygen gas than <with atmospheric air ; a third 
lower with carbonic acid gas i and nearly the same with nitrous ^ : but,. 
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3il. When s6iind meets a body wUdi opposes an ob« 
etade to k^ the parttdes of air which strike that body ar^ 
reflected after the manner of elastic bodies, making their 
angle of reflection equal to the angle of incidence, Said 
then communicating to those behind them the motion 
they have received firom the reflection; whence it follows 
that the sound b diffused afresh in all directions, on re- 
turning froni the obstacle towards the space it had pre* 
viqusty tr a versed. In close places, such as apartments, the 



with OTfpxk gu^ fiom nine to eleven tones bSgher tbaa the air thit snr- 
toundk tis. A mixture of azote and oxygen^ in the same proportions as 
lb the m tt uip he ii c air, gave the same tone as the )»Xlti\ but when the 
Biixtttre of these gucs was not uniform^ the sounds were totally discont- 
ant. The experimentt of Chladni and Jacquin were very difieient fvom 
those Of Pfiestley tnd Perolle^ on sound in different kinds of gases. The 
ezpeiiiritott of the bst-mentioned philosophers related only to the inten* 
l&ty with whidi the vibrations of another ehistic body (of a bell struck by 
a hammer) are conducted through these gases. PeroUe oontradictt 
Priestley's assertioii, tot the power of conducting is as the densities; but 
to diis rule ftiestky himself makes an exception in regard to oxygen gas, 
which af^petrr to be a stronger conductor : azotic gas was examined by 
aeiifaer ofthtte philtMOphers. In hydrogen gas they both found the eon- 
ducting power very weak, which is no doubt pwing to its little dcnsify. la 
oxygen gas they (bund the sound somewhat stronger than in qommon air ; 
in the nitrous gas Perolle found it alto somewhat stronjger. In carbomc 
acidgts Prieitley found the sound stronger; but Perolle» weaker, doner, 
and somewhat lower than in common air: which last drcMttstanoe we 
consider as agreeable to truth, because the vibrations of a sounding body 
ifiust be inore retarded the denser the surrounding fluid is« or accordii^ ta 
its greater pressure on that body. One of diese authors, Chladni, haa 
nade an obaeivation which seems entirely his own. He observed, that 
when a plate <rff^ is agitated by means of abow, if some dust is strewed 
over the gliss, the fiDrmer will appear to have arranged itself symmetri* 
caliy« afttr the plate ceases to emit sound. Under tlie like circumstances 
the figures are always the same, their changes depending only upon the gra- 
vity or acuteness of the tone. This experiment proves that the motion of 
all die mokculfli of an clastic body is not necessary for the production of 
sound. For in the case before us, many paru of die glass remain perfectly 
immoveable, while the others oscillate about those points, whi^h being 
Jfixed are called nodes ofvihration. The same thing obtains in vibrating 
cordf ; as has been observed by Oersted, Libes, andouringeniouicottii* 
tryman Dr. T. Young. Ta. 



sound is thqs tQT^bemted ' contlnua&y from on^ vrsXV t& 
^Bother ; and v^hf n the phce is vanltedi or its sides have 
% sensible ela^ticity» we say that such place becomes so« 
porousi which signifies that the sound appears there to bq 
prolonged! by succeeding to itself in such short intervalsj 
ibAt the ear does not distinguish between the several im-i 
iMres^OQS which arrive at it one after another* 

But if we are in the open air at a certain dist:mc;e &oni 
the obstacle* a perceptible interval of time will elapse 
between the direct and th^ reflected sound, and we shaU 
hear what is called an echoy which those who are not suf-? 
ficiently attentive take for a simple repetition of the las^ 
WjOfdi prohqiii^ced. It is hence e9$y to see why th(@ 
poets who con^vcert echo into an animated bemg place h^lT 
habitAtibnnte* i^orintains, rocks, and wood^,' 

According as it is ^ single obstacle iroich r^j^ecta th^ 
sound, a|: as there are ^ev^ral obstacles^ disposed at suitable 
distances, the echo is simple or complex. Muschenbroek 
mentions an echp of this latter kind, which repi^tcd th^ 
same sound as many as forty times. Two parallel wall^ 
which mutually reverberate the sound may produce a 
double or coipplex echo, with regard to an auditor placed 
in the intermediate space. 

Art has disposed certain constructions of edifices, sc\ 
^s to produce, by means of reflected sound» a curious 
effect which is easily explained by geometry. The ellipse 
is known to jiave this, property, that two radii vectores 
drawn frooj its foci, to any pnp of th^ point? in its curvar 
ture, make equal angles wkh the tangent at that points 
If, therefore, we suppose an arch or a wall of an ellipti- 
cal figure, all the sonorous rays proceeding from* one 
of the foci, will, ^fter their reflection from the different 
points of the curve, pass through the other focus where 
they will concentrate the sound. In this nianner, a per- 
son by placing his mouth at one of the foci, may pro- 
nounce in a low voice words which will be distinctly 

hear^ by an attentive observer at the other focus, and 

• ■ • .1,'. * . . ^ \ ' 
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which 'Will notwithstanding remain concealed from the 
witnesses stationed between the two interlocutors; so 
that none but the person placed to receive th^ echo can 
know the secret* 



The Comparison of Sounds. 

352. After having considered sound in its most ge* 
neral e£Eects, such as the vibratory motion of bodies 
whence it originates, or of the air which propagates 
itj the velocity with which it is transmitted through 
that air, and its reproduction on meeting with bodies 
that reflect it ; we have now to treat of the relations be- 
tween sounds, compared according to the number of 
vibrations performed, in the same time, by different so« 
norous bodies* The observations which determine these 
relations q>ring from physics j and the art of the musi* 
cian consists m employing them in a manner the best 
calculated to gratify the car, either by the well ordered 
succession of simple sounds, on which melody depends, or 
by the happy combination of simultaneous sounds, in 
which harmony consists. The philosopher need only 
contemplate that which may be called the music of the 
mind; the professional man directs his attention to the, 
nmsic of sentiment. 

853. Sounds admit of comparison always while they 
are appreciable. It is this quality of sotmd which enables 
the ear to distinguish its degrees, and gives to every man 
naturally the facilitjr> when he hears any sound which is 
within the compa^ of his voice, to form one that imitates 
it perfectly, and that appears to be the same sound yield* 
ed by another organ. 

This way of speaking of sounds, as being placed at dif- 
ferent degrees one above another, and of supposing that 
the voice ascends and descends, is no other than ailgurative 
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Unguage suggested by appearantesj and to whidi tbit Ii0« 
tation of music has been adapted.^ 
. Thus we gi^ the pame of grave sounds to those that ar<t 
lo^vrtr, and dbat of ornate to those which are relatively 
higher* 

Now the real and physical difference between a grave 
and an acute sound consists in this, that the body which 
yields the former makes a less number of Vibrations in a 
given time than that which produces the second. 

354. The experiments made on sonorous cords have 
^umi^ed an feasy method ot finding the ratio between 
the tttiihbsrs of vibrations from which two sounds result 
that differ from one another by a deterthinate number of 
degrees. In general the fre(|uency of vibrations of a so- 
norous cord depends upon three things, namely, tti< 
length of that liord, its thickness, and its tension. The 
fonxiiila to which Taylor was led by his investigationjs, that 
with ^4ual densities the number q£ vibrations, in a given 
time, is proportional to the square root of the weight 
which stretches the cord, divided by the product of the 
length of the cord into its diameter j and this is confirm* 
ed by observation (r). 



(r) Since the time^ in which cords vibrate (which sure inversely as the 
tiumber of vibrations), are in a subduplicate ratio of their weights and 
lengths directly, and an inverse subduplicate ratio of tlie tending forces, 
the particular note or tone of a given musical string stretched with a 
I^Ven weight may be known a priori / provided a single experiment be 
previously made, by observing the note which is 80i|i\ded by a string in 
given circumstances. An etpcrirtlent of this kind wis made by the late 
Dr. Smith, syid is fiilly described at pa. 303. of his valuable Treatide on 
. Harmonics. Having fixed a harpsichord wire to a small cjrlinder of wood 
he suspended it so ^s to hang vertically at th^ side of the organ in Trinity 
College Chapel, Cambridge ; and by turning round the cylinder, towhioli 
the string was affixed, was enabled to reguUte its length, so that the tone 
should precisely coincide with any propoM note of the organ : the lower 
extremity of the string was defined by a loop to which a weight of 4qooo 
grains was affixed, and it di^ not appear that any othtr terminations wer^ 
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Jbdbt experimems relative to tliis object^ an iwtnuneDt 
tiaOed a smcmeter is made use of; being a kind of obioif 
faoaCf upon which are stretched by weights two brass wire^ 
in or^ to compare the numbers of their vibrations [s^ 

necessafy* dther in the upper or the lower catiemity^ the vibfitton ^ die 
Strmsiiotbeiafezteiidedlowerthanthe beginning of this loop. When the 
lone of the ttriiif heeame exactly caincident wilh that of the lower D t€ 
the oigan» iti length was found to be 35'5S inches; and the string beinf 
<»t at in twoiefinaiions, that is* at the beginning «f the loop and at<Che 
fdaoe where tc touched the wooden cylinder, the vibrating pan of fit 
weighed Sl grihn» Herer denoting the length S5'55 by t, the tendii^ 
Ipice 40000 by T» the weight of the string 31 by », and los inches thr 
space described by a falling body in the first second by g, we have hy s 
theorem tntcscigatcd by Dr. Smith, n the number of Tibrations m one 

jRcood s=\/ -= — = 18l| in the present case ; that is, the string in lii 

vibratofy motkm passed the axis lai times in a second. Fiom this eg- 
pcfimtnt it was inferred that the middle note denominated d in the oigss 
%ibiatied 4 X 131 =s 5S4 times in a second, and consequently impreasei 
•a the car sOS impulses in the same time. This, however, vras upon To* 
IBAtf orgui, which was then, by estimation, about a hemiteoe lower than 
4ie ooouiKm pitch : accordingly, Mr. Atwood found aos forihe snmber 
tii vibrsiions of the middle d of the usual scale, a result which agrees t^ 
Iend>ly well with Dr. Smith's after making the proper alkmaiioe lar 4lio 
diflcrence in pitch. The number of vibrations co f rc s pon d ing le any mo 
tone being thus determined, it will be easy to ascertain the vibiatioiii «•* 
swering la any other note, by attending to the ratios stated by our author 
in die succeeding paragraphs: and it may be proper to add, ihatsof 
cradt, snap, or noise whatever when repeated with suJBcient ftequeoey , 
bec e me s ipn facto a musical sound, whose pitch or degree we cansacettaia^ 
by determining the frequency of its repetitions, or of tho correspoadhig li* 
brations. Ta* 

(s) lib a oQhor<ii differ principally from Sonometers In having mm striiig 
qpiiy, w the oime imports. The best contrived monochords with whidi 
we are acquainted are those of Earl Stanhope, and Mr. Atwood- In tho 
$tanhope moiiocbonil the peculiarities are theae $— »ist. The wire is luado 
ofiteel, which does not keep continually Icogthening, like bnu or ijroo. 
<(4hr- Tlie whole wire forms one stnight hori^ooul line, so that the 
moviaEfe bfi<lge can be moved without alteripg the tension of the wire ; 
which is piot ll^ care when the win puUs downuhinis on tho bri4ges. 
3dly, Theendfof the wire are not twitted round the two stout steal pins 
that keep it Ktftchedi^bat each end of the wiieisfoftablderedin a long 
^roofr formed in a piece of atcel which gDct over iu conespcmdiog pin, 
Othly. One of thcae two tted pins is strongly foiiened ^ % brass slider, 
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Commonly, only one of the three qnantlties of which W0 

Iteve spoken is made to vary : if, for example, we stretch' 
the cords with different weights, we take those cords of 
the same thickness, and give to thdm the same length. 
In tliis case the relation between the nmnbers of vibra- 
tions draing a certiain time, assumed foi* unity, is indicated' 
by the ratio of the square roots of the tending weights. 

which is moved by fDetns of a screw with Tcrj fine threads, this scre^ 
having a large micrometer head mimitcly divided on its edge, and a cor- 
responding^ Nonhu ; whence the tension of the wire may be very exactly 
adjusted. 5thly. A slider is fixed across the top of the moveable bridge, 
and is moved by means of another screw with very fine threads, othly* 
The slider is adjusted to the steel rod or scale,- by means oi meohanical 
contact against projecting pieces of steel firmly fixed on that steel scale». 
at the respecdve distances specified in tbe monochord table. 7thly. Each 
bridge carries a metallic finger which keeps the wiire 'close to the top f}^ 
such bridge while the remainder- of thevnre is made to vibrate, stfaly.- 
The vibrations of tlie wire are produced by touching it with a piece of 
cork with the same dastic force, aiKl always at the distance of one inch 
from the immoveable bridges 

The Stanhope monochord^ though very ingeniously constrticted, is in" 
9ome respects inferior to the monochord contrived by Mr. Atwood. In 
this gentleman's apparatus the string hangs vertically, its tension being 
regulated by a weight suspended at its lower extremity, a little below the 
place where the string comes into contact with a fixed pulley; the length 
of the string is terminated at top by a horizontal edge : the other point 
of termination, which in the common, monochords, 'as well as in many 
musical instruments, and in the Stanhope monochord, is a bridge over 
^hich the string is stretched, is in this construction effected by two 
steel edges vertically placed, that are capable of approaching, or of re* 
ceding from, one another, like the checks of a vice ; these, being fixed on 
a frame worked by micrometer screws, can be easily moved in the ver- 
tical direction, so as to alter the length of the string in any desired pro- " 
portion : these edges are separated occasionally by a spring, in order to Ictthc 
string pass freely through, when its length is altered, and are closed again so 
as to press the string slightly when that length is properly adjusted. By 
means of this construction the alteration of the tending force by the ap- 
plication of bridges, &c., is wholly avoided. The scale placed under the 
string of this monochord is divided into 100 equal parts, and each of these 
by a micrometer screw into i ooo equal parts ^ so that, by the aid of a 
microscope and a proper index, the length of a given part of the string 
may be adjusted on the monochord true to the — L_dth part of its 
whole length. Tr, 
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14 in like manner, we represent by unity the lowest of 
Ibe sounds to be compared^ we shall have the following 
relations between that sound and the acute sound which is 
mtppos^d to be heard at the same time with it* 

The octave will be represented by 2; tiiat is to say^ 
the acutcr sound will mako two vibrations, while the 
grave aoimd makes only one; such is the interval be* 
f ween thf sounds called tU in the ordinary gamut. 

The quint or fifth, such as the interval iirom tf ^ to ^ in 
fisipg, will be expressed by i ; thus the acuter sound of 
|hat consoinBice wiU make three vibrations to two of the 
jpave sound. 

The fburthi or die interval from ut to/a, will be re* 
{presented by ^ 

The major third* or the interval from tU to tni, by |^. 

The minor third, or the interval from mi to /W, by f ^ 

We shall here confine ourselves to consonances, or 
^concords ; we might represent the dissonances or discords 
in like mamier, by v^uying in several other ways the twe 
terms of the ratio^ 

355* Every sottnd, such as it commonly arrivB^ nt th# 
.ear, is to the judgement formed fi^m that •organ, a very 
maple pSkct, 2L kind of element whose purity, nothing 
appear^ to alter ; and yet every sound really comprises a 
multitude ci other more acute sounds, some of which 
become perceptible in certs^in cases to a rather delicate eary 
and the others have their existence indicated by different 
pbservations. 

Let us first suppose that in a certain place there is only 
fL single cord of a determinate length, as one of those 
diat form the base of a harpsichord, or the thick string of 
a violoncello, and that after giving that cord a suitable ten- 
sion it be made to resound. By applying an attentive ear at 
^ small distance from the cord, we shall perceive, besides 
)1^ principal sound, two other sounds, more feeble but 
very distinct ; and if we always represent the principal 
sound by unity, the two concomitant sounds will be re- 
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ffCfteiit€d bjr S and 5 rapectireljr » that is to s^/iffbd 
iamt be af^f the second will be the octive of its rising fiitb 
ii0^ and the third the double octave of its major third miL 
This experiment succeeds eqoallj with a viotlih^ when 
we pass the bow orer the thick strk^> at a small distance 
inrmi the bridge, in a directioD neariy petpendicnlar to the 
ilrinj[^so as to draw firom the string a full and dear tone* 
Hie three other cords may be either suppressed or per« 
sitted ti^ remain^ at pleasure \ tar they contribute nothing 
lotheeffect» 

The <Ktave 2, and eren the double octar?e.4 of the 
principal sound, may be heard} but in order to distinguisb 
fhem a greater attention must be paid, because sounds 
]daced at octaves one from another are mudi more likely 
to beconi!Diinii(ed by the ear* 

We have therefive the series 1» 2, 3» 4, 5f repres e n ting 
the difimnt sounds perceptible to the ear, and consti« 
lltting the hannoily of a angle sound. 

But another experiment wiU induce us to think tl^il 
these are only the first terms of a series whkh is inde» 
ftdteiy produced. For, if by the sid^ of the former cord 
others are da^xised whose numbers of vibrations corres- 
pondii^ to * smgle vibration of that, are 2, 3, 4, 5, 6, 7, 8,. 
ftcr; and if we cause the first cord akme to yield a sounds . 
all the others will immediately vibrate and generate 
ioonds, though much weaker than the fundamental sound. 
We may render their vibrations sensible to the eye, by 
placing upon each of them a little paper bridge, which 
will be seen to move, or even to be shaken off, at the 
moment when the principal cordis played upcm. 

If thediametcrsof the differentcords are equal respective- 
ly, and at the same time there subsists an equality among 
the tensions, the lengths of the cords which the first will 
cause to resound, comprehending the unison, ought, 
from what has been said, to be as the numbers 1, ti t» t» 
4» i* ^^' ^^ ^^^^^ ^^ future suppose, for greater sim- 
plicity, that the cords only vary according to their length. 
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Nowy since the firtt sovmds of the series are imme* 
^liatety dbtinguished in the resonance of a cord which ie 
caused to vibrate alone# there is no room to doubt that 
die following sounds are in like manner comprised in it | 
and if <fae otpjk does not distinguidi them withMit some 
intermediation, it is because they are so weak as to escape 
its atsendon : mod in addition to this we may remark^ 
thaty in certain cases, even with a single oordf we can 
peraeive the impresuon of the sound represented by 7« 

The name of generator, or generating Hounds has ^iten 
pven to die principal sound ; and the feebler sounds that 
acc o mpa n y it are called Its harmomcs. 

Socut philosophers have thought that the principal 
cord sabdivides itself into aliquot parts, similar to those 
wliidi could represent the lengths of the other cords; so 
that the sound that would be rendered by each of theos, 
was produced as a unison by the aliquot part ccNrrespond*- 
ing to k in the principal cord. But neither observation 
aor cakulos indicate this subdivision of the generatkijg; 
€ord(/}. All that can fairly be concluded from the e^- 

^0 TItfie Me some czperimeots petibrmed fisst, wc belleTis, hftk, 
WaUis* which certaiqly &vour this idea, though they do not cocor 
pletdy verify it. If two striogt the length of one of which is an aliquos 
part of the other, be of equal thickness, and equally stretched^ any vjbxsr 
tiMis given to the shortcf string will communicate themsel v es tp ths 
dpnetpoildiiig psrts of the longer sttiog placed near it. If the vxbn4ijo|r 
shpclpr string be an aaiteT octave^ the other will vibrate by its half leng|dt»» 
QfAy : If die string whidi communicates the motion be an scutv lici^JbJLe 
octavcy or a fourth of the length of the other, the longer string will vi» 
hiate only by the fourths of iu lengths from one end to the other. Thus« 
if one string were fov feet long, and the o^r one foot : on strilung the 
Imter with s quitt thp vibrations will be communicated to the former $o 
<hat Ic will only vibrate in foot lengths throughout : this may be madr 
evident by hanging litde pap^ bridges at every foot leajgth of the longer 
ttrfaig; for, on the vibration^ being communicated to it, the papers hang- 
ing at the middU of each foot In length wjU be thrown pff^ while thosr 
th^ l^tng at t|ie fiid of esch foo( will remain immoved. upon the string $ 
Whence St is inferred that the vibrations are made about those points as t9 
many filed points, the intermediate spaces having each its se pant^ y> 
)Mittoit iSce alio pu.. s^s. Tn. 
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j^rwaents cited kf that the vibnitiom of a sounding cord 
&ave ther propeity of exciting in the air, not only vibra^ 
lions of the s^^ order, but other vibrations of differtot 
Eigher orders, analogous to those which the harmonics 
would), ]|^ve produced if each of them were yiddedbya 
distinct cord. ' _ : ' 

It miay perhaps be thought d$o that when a sipgle cord 
y employedf^ the resonance of |he harmonics proceeds 
£rom the surrounding bodies, whose fibres are found in 
unison With those Jiarmonicsj for example^ from the 
£bres even of the wood on which the cord is stretched^ 
and with which that cord is considered as communicating/; 
in Such manner that the cord commences an action upon 
those fibres, while they in their turn would produce se- 
parate vibrations in the air analagous to the resonance of 
harmonics* But we have mskle the experiment in the 
#pen air, and so ccmtrived the apparatus that the points tor 
which the cord was fixed had no perceptible elasticity, 
and notwithstanding these precautions, we have heard the 
sound of the first harmonics : whence it must be inferred 
that the cord has, of itself, the property of exciting in the 
air such vibrations as produce the concomitant sounds ; 
and that those are the vibrations which afterwards cause 
<he surrounding bodies to tremble and resound. 

356. ^Leasoning from the facts we have just stated, it 
t^ill be easy to comprehend why, when a person sings in 
^ place where there are bodies susceptible of yielding ap- 
preciable sounds, as vessels of gla?s or metal, each of those 
bodies will resound, when the voice generates a sound in, 
"Utiison with its own peculiar note, or even when it renders 
^ sound which Is to that given out by the same body on per- 
cussion, as the generating sound is to its twelfth (or the 
octave of its fifth), or to the double octave of its third. 
These different effects are very sensible, when we pro- 
duce a sound with the voice, by presenting the mouth to 
the fop 6i a cornmon drinking glass. The most manifest 
fesonance is that of the unison^ and we have heard of 
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singers endowed with a voice so exact and powerful, that 
b j takii^ thus the unison of the glass, they were able to 
break it by the voice alone. The change of figure which 
was, in this case, undergone by the different annuli that 
Compose the gbss, is so considerable, that the parts hav^ 
not the flexibility necessary to yield to it with sufficient 
promptness, and therefore separate from one another 
in diffisrent places, as in the case where the glass was sub^ 
jected to a strong percussion. 

. 357. What we have been mentioning leads us next to 
qxeak of another experiment, known under the name of 
TarUnrs Experim^rU : it consist in causing to be heard 
at onc« two strong clear and^ continued sounds; from 
their concourse there results a third sound which is weak- 
er, and is such, according to this celebrated musician^ 
that if the rebtion between the two former sounds be 
irepresented by the most simple numbers, the produced 
found will be represented by 2 {u). If the two primitive 
sounds are, for example, expressed by the numbers 8 and 
d, in which case their simultaneous occurrence will give a 
dissonance similar to that which results from the sounds 
fi/, re, the produced sound being 2, will correspond tQ 
the double octav^e below the ut of the dissonance. 

In general, we need only to remove by an octave one of 
the simultaneous sounds, or both of them, that they may 
be comprised in the series of harmonics, of which the 
third sound woidd be the generator: hence, this expe- 
riment may be connected with that of a triple resionance 
of a 5^brating cord, of which it presents, in ^ome sort, the 
reverse. . 

358. We shall cite a third and very curious experi<- 
m^nt which was first pointed out by Wallis, but which 
||ras neglected till it occurred in the observations of Sau* 

J* 

(tt) Rameau is the real author of this experiment ; he presented to the 
Sbci^ of Mootpdlier in 175S, some time before Tartfiit's work appeared, 
» mec^tfial primed the saou: year, ia wt^ch the OLpeiimci^t is fuller d&- 
«PhhiB4 Tju 
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iwir, who \m sifice passed for its inventon The exp#i 
fimast is tiitt: 

IfwettitfCch a musical cord above a board, and divide it 
Into two tniequal portions yet respectively conunensiinSiUy 
ty meadf of a slight obstaele which only presses moder* 
fCdy } those two parts being struck successively will yield 
^same sound, which will be different from that of the 
wbdle cord: «nd such indeed will that sound be, thai if 
we r^uresent by the n^ost simple numbers the ratio be* 
tween the lengths of the two parts of the cord, the sound 
which is heard, the sli^ obstacle being interposed* wilT 
be that of a cord which is represented by unity. Thiu^ 
tf the cord were divided into two parts, which iure're* 
qiectively as the numbers S and S, in which case the cor- 
responding sounds would be in the relation of irf and Jirf 
fising^ if the lengths of the two parts determined their 
resonance $ then the ibund yielded by each part of the ' 
cord will be that of the cord 1, that is to say the $ot 
which is the acute octave to the sound given out by the' 
smaller portion in the ordinary case. 

It would seem, then, that each part subdivides itself 
bito as many equal portions, as the number that measures 
it contains units. Hence, between two neighbouring sub*' 
divisions there is a point of rest or a node, and at the 
middle of each subdivision the undulation forms a bellied 
part, as in a cord which vibrates from end to end. ^ In the 
preceding example, the larger part subdivides itself into 
three, and the sm^ler into two ; so that the sound ui is' 
rendered at once by all the subdivisions, which are thus 
found in unison one with another. It is obvious that the 
smaller part ought not to subdivide itself when the sound 
to which it is analagous has th^ unit for its expression} 
for then the same sound is yielded by the smaller part, as 
by each of the subdivisions of the greater, 

Such, therefore^ is the mechanispi on which the series 
of unisons ^ven by this experiinent depends, that the 
slight obstacle which divides the cord merely prevents the 
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total vibrations, but permits a communication to sub- 
sist) or a mutual dependence between the two parts, 
whence their vibratibns tend to accord perfectly, or, 
in other words, to become isochronous. Of con- 
sequence, they are forced to subdivide themselves, but 
they do this as little as possible: so that the number of 
subdivisions is always the smallest among all those 
which would furnish isochronism. 

Thwi, in the preceding example, if the cord 2 made 
total vibrations, the two-thirds of the cord 3 might be 
able to put itself in unison with it ; but there would 
rejnain one third which would perform its vibrations 
separately: now, it is this third which being alone 
proper to determine the isochronism, gives law to 
all the rest. 

Sauveur rendered sensible to the eye the distinction 
between the nodes and the moveable parts, by placing 
at the point of each node a chevron of white paper, 
and another of coloured paper about the middle of each 
vibrating part. At the moment when the cord com- 
n^Dced vibration, all the coloured pieces were seen to 
fail off, while all the white ones remained in their places. 
TMa experiment will succeed very well, if we use a 
Violin string, by dividing it with a bridge of paste- 
board, after having stretched it upon a board; and 
making it vibrate by lijghtly drawing the bow across 
near to the wooden bridge on which either extremity 
of the string rests. 

359. The first of the experiments we have cited, or 
that which consists in the triple resonance of a vibrat- 
ing cord, will furnish us with some reflections on tlie 
formation of our diatonic scale, composed of the sounds 
«/, rCy mi^fa, &c., well known to every one {w), 

(u;) When Guido Aretino suji}8tituted his hexachor4 instead of the an- 
cient tetiach'ord, he adopted the syllables ut, re, mi, fa, sol, la, to fbc 
various sounds which ccmpose it, from the following Sapphic verses in a 
hymn to St. John : 

VOL. I. Y 
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If the primitive Sound ut he always represented by 
unity, the series of the eight sounds will be expressed 
by that of the numbers below : 

1 9 5 . 4 3 I 5, I 5 2 • 

M/, r£?, miy fUy solf la, «, ttt : 
that is to say, if vibrations were communicated to 
cords whose lengths were proper to give the number 
of vibrations that correspond to the terms of the pre- 
ceding series, we should have a succession of sounds 
which would very accurately represent our gamut. 



UTqueantlaxis REsonarefibris 

Mlta gestarum FAmuli tuorum 

SOIm€ pQlluti LAbii re^rn* 

Sanct£ Joanmbs. 
The intrpdaction of the seventh syllable si is generally attributed to Le 
Maire, a French mlisician of the 17 th century; though some ascribe it 
to Vander Fallen, and others to Jean de Muris. 

The names of the seven nptes uted by the French are retained in this 
translation, as we believe, that, if- properly associated with the sounds 
which they denominate, they will tend to. impress these sounds more 
distinctly on the memory of the student than the letters C, D, E, F, G, 
A, B ; from which except in solfa'ing, the notes in the natural diatonic 
Series are generally named in Britain. Amoi^st us, in the progress of 
intonation, the syllables ut, re, and si, have been omitted; by which 
means the teachers of church-music especially have rendered it still more 
difficult to express by the four remaining denominations the various 
changes of the semitones in the octave. As these artificially change 
their places, the syllables above mentioned are variously arranged, accord- 
ing as the intervals in which are the notes they are intended to signify 
may be placed. 

We may take occasion to observe concerning the musical scale, that 
the intervals between ut and re, re and mt, fa and sol, sol and la, la and 
si, are equal in practice, and nearly equal in theory ; and that the inter- 
vals between mi and fa, and si and ut, are likewise nearly equal respect- 
ively : yet these iatervals are each only about half the former, and are there- 
fore usuallyjdistinguishcd by the name of semitones, while the former ar« de- 
nominated tones. The scale of the octave may, hence, be divided into 
two equal parts, 

ut, re, mi, fa; 
sol, la, si, UT: 
in which the first division^ as well as hi respective subdivisions, is per- 
fectly similar to the last. Tr. 
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such as each sound appears to the ear when executed 
by singing. This gamut is very ancient : for, by en- 
quiring into the history of the Grecian ages, when a 
taste for the arts was so ardently cultivated, it wilt be 
foufMl, that the two tetrachords which constituted the 
musical scale of those times, had their sounds precisely 
in the same relation as those of our scale. 

NoWf it is remarkable that the gradation of sounds 
in these two scales, is found subjected to the principle 
<^the greatest simplicity in the determining relations ; 
and this principle appears to have been the secret 
guide whose indications have been followed by the ear. 
To conceive this, it must be observed that by taking 
the sounds that give two, three, four, and fivel vibra- 
tions, in the time of one only of the fundamenttl sound, 
we shall have successively the octave of its fifth, after- 
wards its double octave, and lastly the double octave 
of its third : that is, we shall have the harmony of the 
sounds which are the only ones heard sensibly, when we 
make an insulated cord vibrate. But the octave, the 
fifth, and the third, are the most perfect consonances, 
and all our diatonic scale depends upon them. For, 
in the first place, we have in this gamut the concord 
t^; hi/, S(dy which is given immediately by the triple 
iresonance of the sonorous bod}', except that the sol 
^nd the mi are found transferred, the one to the oc« 
i>ave^ and the other to the double octave below the cor- 
responding harmonic ; which is always allowable, be- 
cause^ of the great resemblance between a sound and its 
joctave; Let us now transfer the^a and the la of the 
gamut to the octave below ; if we connect the ut fun- 
damental with these two sounds, we shall have a new 
concord yir, /ci, ut, entirely similar to the concord m/, 
mi, jof* Lastly, if we transfer the re to the octave 
above j- we shall have, by combining with it the sounds 
sol and sij a third concord sol, si\ re, which in like man* 

y 2 
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tier if exactly aiiah^;oiu to the tencord ut^ mi^ ml, 
Thas, therefore, may all the sounds of the gamut be 
distnbnted between three concords composed of a thirds 
and a 6fth, and so connected one with another^ that 
the fundamental sound of each is either the graver or 
the acnter 6fth, to that of the other ; so that by begin- 
ning at the fa taken below the fundamental Mi of the 
•gamut, we have this aeries fa^ la^ ut, mi, jo^ is, re, 
which forms a concatenation of thirds and fifths. 
Hence, our gamut is limited to the combinatioQs 
that famish the sounds represented by the first five 
natural numbers; all the other numbers are excluded ; 
in reference to which Leibnitz remarked pleasandy 
enough, that the ear reckoned rm farther than five. 

360. On the otter hand, some philosophers have 
thought there was another gamut preferable to die 
preceding, and whose adoption would elevate lAnsic 
to its true point of perfection. The observation 09 
which they found their opinion is this : 

If in the series of harmonics yielded by the different 
cords that resound by the side of a first cord which is 
made to vibrate, those are taken that correspond to 
the fractions •{•, \, Vv9 -rry &c., to the -^ inclusively; 
we shall have a succession of sounds similar to the 
ordinary gamut, except that Htnitfa and the la will be 
a little higher than in that gamut, and that the luur- 
monic -^ will give a supernumerary sound between 
the sol and the la. 

The philosophers adverted to, have imagined that 
this latter ought to be the true gamut, since it was 
furnished immediately by nature ; and that if the ear 
appeared offended by die intonation of the sounds^ 
and la^ when this gamut was produced by an instru- 
ment adapted to tliat effect, such as the bugle-horn, 
it was the result of a prejudice of that organ acquired 
by habit, but which would sooa^be conquered oa be- 
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coming familiar wit)) the scale proposed, and per* 
mitting free action to nature, who would soon recover 
ber rights. 

Yet the reason that is deduced from the simplicity of 
th^ ratios will appear to preponderate, if it be con- 
sidered that this simplicity is^ connected with the ia« 
cility of perceiving the intervals between the sounds, 
which in its turn affects the gratification of the ear. 
Hence it happens that tlie octave is the concord 
which pleases the most universally, and that after 
this the perfect concord, composed of the fifth and 
the third, finds so easy an access to all ears which are 
not deaf with regard to harmony. But it is of this 
concord and that of the octave, as we have seen, that 
our gamut is made up. We confine ourselves within 
these limits, by a kind of instinct, and previously to 
all study of the harmonica! jNroperties of sonorous 
bodies. It is not that the ear compares numbers ; that 
comparison is solely within the jurisdiction of the mind ; 
but the simplicity of those numbers appertains to a phy- 
sical effect, namely the frequency of coincidence^ of 
the terms limiting the vibrations of the sounds com- 
pared, an effect that seems to find a disposition even in 
the organ of hearing, in virtue of which it better ac- 
commodates itself to that which is more simple^ since 
it can enjoy it with less exertion. 

361 • Art, by taking intermediate sounds between those 
suggested by nature, has imparted a great variety to 
the effects of harmony and melody , and has been 
enabled, by the ingenious combination and arrange- 
ment of dissonances and consonances, to convert into a 
gratification to the ear, that which appeared only cal- 
culated to produce unpleasant sensations. 

362. Rameau has attempted to deduce the law of 
harmony from the triple resonance of sounding bodies : 
and Tartini believed he had discovertd their origin in 
the experiment we have citeJ unJer his name (35'7). 
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Bat these sy^sms ftirnish merely probabilities more or 
lett plausible, and there are phenomena of harmony 
avowed by the ear, which cannot be reduced to dther 
<^them. 

363. What has been ab^eady stated may assist us in 
firesenting some notions relative to that whidi is deno- 
minated temperament. 

It results from the principle on which our gamut 
has been formed, that the acnter sound of each of 
the three perfect concords;, whereof it is composed, 
lAakes a perfect fifth with the fundamental sound 
of that concord. But if two sounds be compared 
taken in diflerent concords, such as the re and the 1m 
forming likewise a fifth, there will then be foand a 
small alteration in the accuracy of that intervaL For 
th^ ratio of these two sounds is that of {> to y > or of 
1(7 f o 40j a little greater than that of 2 to 3 which cor- 
responds to a perfect fifth. In order that the la might 
be with the re in the relation of that fifth, it would be 
necessaty that its expression should become ^ Let 
us for a moment snppose this to be its expression, and 
let us take above this same Id a new sound mi, making 
also a perfect quint with it; we shall have the ex- 
pression for that miy by multiplying \^ by 4, the ratio 
of the quint ; whence we have ^. Now, if there had 
been no alteration in the intervals, this vii would be 
a perfect acuter octave to that of the gamut. Yet this 
is not the case : for if we raise this latter mi an octave, 
its expression, which was ^, will become -^j or|4, less 
than |4 in the ratio of 80 to 81. Hence it follows that 
the mi expressed by j4 cannot but be more than the 
third of the ut whose expression is 2; the ratio be-*- 
tween that ut and the mi in question, reduced to its 
greatest simplicity, is that of 64 to 81, a little greater 
than that of 1 to \^ or of 64 to 80, which belongs to 
the ut and the mi of the gamut. 

Without entering more into detail in this place, it 
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may suffice for us to remark^, generally, that of these 
three intervals, the octave, the fifth, and the third, we 
cannot preserve any one-in all its purity, without altering 
the two others ; and hence has arisen a difficulty which 
has been long acknowledged, relatively to the manner 
of tuning stringed instruments (such as harpsichords) 
where each touch corresponds to a sound whose degree 
is determined by the operation itself. In consequence 
of this, various methods have been contrived to furnish 
a system of temperament^ that is to say, to combine the 
alterations in such manner that the harmony should 
not suffer perceptibly : and all these methods 'concur 
in this point, that it is indispensable to retain the ac- 
curacy of the octaves by sacrificing some little of that 
of the fifths and the thirds; since it is nearly with 
regard to the octave as the unison, which, on account 
of its great simplicity, is so agreeable to the ear, that 
It cannot tolerate the least defect in its precision : the 
ear, however, rather relaxes its severity with respect to 
less simple intervals ; in this case gratuitously supplying 
their deficiencies, by supposing those differences not to 
exist which it cannot appreciate. 

Rameau, after having hesitated long as to the choice 
of the best temperament, finished by adopting that in 
which all the fifths are found equally altered, seeing 
that no teason could be adduced why one should be 
modified rather than the other. It has been remarked, 
however, that in this system the thirds would become 
harsh and offensive ; the method has therefore been 
generally adopted, to which Rumcau himself, at first, 
gave the preference, though he afterwards abandoned 
it. In the instruments tuned by that method, the 
fifths given- by the natural tones of the gamut retain 
thei^" harmony almost entirely ; the most perceptible 
/differences resting upon the intermediate semitones: 
the musicians have taken in the series of fifths, certain 
notes by which they verify their operation from time 




328 jiir. 

to time, judging hy tlie accuracy of some oUier con- 
cord, such as tliat of tlie tJiiid, which each of those 
notes ought to make with one of the notes prcTiously 
tuned. Hence there results a great diversity in tha 
altei'iitiotis undergone hy the intervals of the fifth and 
the third which constitute the series of the different 
sounds; and this diversity has even been regarded as 
an advantage: for, according as one or other sound 
has been cljosen in preference for a fundamental, that 
is to say, for that to which all the others are referred, 
in snch manner that the modulation rests, so to speak, 
upon that note as on a base, the fifths and the thirds 
which pervade the song have something of a dull cast, 
calculated to excite pensivcness and melancholy, or I 
know not what of refinement and sprightliness which 
inspires joy. Thus the modulation borrows from the 
peculiar manner in which the intervals it employs have 
been altered, a characteristic tint which it supports of 
itself; and that which many have been tempted to 
regard as a defect, becomes, in the hands of the. mu- 
sician, a means of adding to the expression of the sen- 
timent he wishes to depict (*). 

S64. It remains for us to establish the theory of the 
. different phenomena presented by experience, re- 
latively to the propagation of sound, and to explain 
how it happens that sound retains a uniform velocity, 
in its course from the sonorous body to the organ of 

(i) The lubjrct of Musical Icmpeiuncnt is too oomprthcnsive and IM- 
poitiint to be luffieientty discussed in the space assigned lo it by M. HaiSyt 
jil il is a topic which is worthy the elosest allention of all whs study the 
philosophy of musical sounds. We therefore beg lo refer the reader to 
Ur. Smith's taluahle work on Harmonics, and to the excellent arlicU 
TEMFERJiMENT, in the Sup. Enry, BHtan., fur more UKful information on 
this puini than in any other Englijih worlts ne are acquainted with. An 
ahrirtgmeni of some of Smith's propositions is given in the late Bishop of 
Clonfcri's Syllabus of his Lectures ; and an account of Earl Stanhopc'i 
Tempcrameiif, in No. 7, of the ReirOBpecl of Philosophical, &c. DIst 
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1)canng, although it loses continually more and more 
of its force; how it happens that sounds acute and 
grave, strong and feeble, have the same velocity in 
their progress ; and lastly, how different simultaneous 
sounds cross one another in tlic air without forming a 
confused noise, but convey their harmony to the ear 
in all its clearness and purity. 

This theory is deduced from the manner in which 
sound is formed in wind histruments; and we have ex- 
tracted it from an excellent Memoir, where Daniel 
Bernoulli has developed the principles and subjected 
them to calculation. We shall endeavour to exhibit 
as perspicuously as possible the ideas of this celebrated 
Biathematician. 

Let us, in the first place, imagine a cylindric tube to 
be stopped at one end, and that it is caused to sound 
by blowing at the open orifice. The air included in 
this tube will be made to vibrate, in such manner that 
each of the infinitely thin laminae or strata which con- 
stitute the column of that fluid will alternately ap- 
proach towards the bottom and. recede from it, by 
gping and returning from one side to the other of the 
position which it had in the state of rest, by little os- 
cillations similar to those of a simple pendulum. These 
oscillations go on increasing one stratum after another, 
from thie bottom where they are next to nothing, to 
the orifice where they are the greatest: those of each 
stratum will be isochronous and those of the different 
strata will be synchronous, that is to say, they will all 
commence and terminate in the same time ; otherwise 
they could not form a sound. 

While the different strata wilKhave a progressive 
motion towards the bottom^ that which was at the 
orifice will enter the tube, where it will condense the 
neigbbouriiig stratum; and so throughout, in such 
planner that the condensation will always go on in- 
creasing to the bottom, where it will be at the greatest^ 
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because it will result from llie eonpourse of all the 
|u:tions of the posterior strata. On the contrarfr, in- 
the return towards the orifice, there will issue from the 
tube a small portion of the air which was contained in 
it during the state of rest, and the seFeral strata will 
experience Uttle dilatations which will go on diminish- 
ing from the bottom ; whence it appears that the air 
ntoated just at the orifice, will be neither cond«ised 
nor dilated, but will retain the same density as the 
surrounding air. 

36^. Such are the circumstances that obtain in tubes 
closed at one end. Let us next apply this hjrpothesis 
tc^ the vibrations of the air include in a tube open at 
both ends. Now, the only idea that accords with the 
laws of mechanics and with observation^ consists in the 
supposition that the tube is divided into two halves by 
means of a thin partition, as if it were composed of two 
tubes, each open at one end and joined at their com- 
mon bottom. It will result that the stratum of air si- 
tuate at the place of the partition, or to speak more 
correctly, which performs the c^ice of a partition, will 
be immoveable, and that all the other strata will per- 
form oscillations, which will go on increasing on both 
mdes, conformably to the law above explained* 

366. It remains to consider the case of a tube closed 
at both ends, which, although it never occurs in prac- 
tice, is necessary to complete the theory. If it be sup- 
posed that the interior air is put into vibration by any 
cause whatever, we may conceive of each half as of a 
tube closed solely at one end, and in which the oscil- 
lations will be the same as in this last kind of tube, but 
in such manner that they will be made all in one di- 
rection from one bottom to the other ; and thus, while 
the strata comprised in one moiety will be successively 
condensed by approaching the bottom which terminates 

it, the strata of the other half will successively dilate 
while proceeding in the same direction as the former. 
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and the density of the middle stratum will be con- 
stants 

It is obvious that the two latter cases are merely 
consequences of the hypothesis assumed with respect 
to the first ; and if that hypothesis adapts itself with 
facility to the various facts furnished by experience, 
we cannot refuse to consider it as extremely probable. 

367. Now, it is well known that a tube which is 
open at both ends, yields the same degree of sound as 
a tube closed at one extremity, and only half the length 
of the former. This is a necessary consequence of the 
principles of the theory, since in the tube open at both 
ends the air in the middle is in a state of repose ; so 
that the two halves are in unison, and the oscillations 
of th^ air in each of them are perfectly similar both to 
one another, and to those that obtain in the tube closed 
at one extremity. 

368, In certain wind instruments, such as the bugle- 
horn, and the trumpet, where the effect is produced in- 
dependent of the play of the fingers, the difference in 
the tones depends upon the manner of enlarging or 
contracting the opening of the lips, according as the 
musician would produce a graver or an acuter sound. 
He modifies the degree of this opening by the senti- 
ment he has of the soqnd he wishes to create ; but he 
cannot give birth to every t6ne at his will. The in- 
strument only conforms to his wishes as far as is 
agreeable to its nature. Consequently, if the prin- 
cipal sound be represented by 2, the musician can only 
produce upon sucli instruments those sounds that cor- 
respond to the numbers 4, 6, 8, 10, &c. 

Now, to explain this determinate progress of sounds 
successively more acute, we need only consider the 
instrument as a tube open at both ends. In the case of 
the fundamental sound represented by 2, such is the 
(degree of pressure given by the musician to his lips. 
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that the resulting orjer of vibrations JevelopeT^ 
selves in an extent equal to the half of the tube : at the 
middle point there ivilj be formed a partition oS sta- 
tionary air, or a node, beyond whi«b similar vibrations 
will re-coiDLTience, but in a contrary directioi). 

But, *u]>iK>se tlje musician to increase the pressure 
of his lips, to the degree corresponding to the octave 
above tl>e fundauiental sound. The new order of vi- 
brations relative to this sound will occupyonly balf the 
exieitt of the preceding ones: tliere will, therefore, be a 
first point of repose at ihe quarter of the lube, and a 
secniHl at the third quarter, in such niiinner that the 
first and last part "ill carb represent a tube stoppird at 
oite end, and the iiiterniediate part a tube closed at 
bfith ends, but of a double length ; and thus the whole 
will be equivalent to four tubes each slopped at one 
extremity, .which will be all in unison, and each wiU 
yield the sound denoted by t!ic numbi^r 4-. 

In tlie more elevated sounds, ilie tube becomes di- 
vided successively into 6, fi, 10, &c,, equal parts, 
which may be compared to so many tubes each closed 
at one end. The extreme tubes may be considered as 
single, and the iiitermediute ones as united two by two 
to compose the tubes cloiicd at both ends, and eacb 
double eitlier trf the extreme tubes. There will there- 
fore be a node at the place of each partition, and as-woln 
part at tlie middle of the distance between t\YO neigh- 
bouring partitioos. The vibrations which have their 
origin at the same node are performed on both sides 
by contrary motions, but they, take place iti the 
same direction on both sides of the same inflated 
part. 

The musician will make inefficient attempts to draw 
from the instrument any sound whose degree cannot 
be found upon the scale defining tliat law; or if any 
Biich sound should be obtained it can only be by a par- 
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ticular artiBce, which will produce the same effect as 
if the form of the instrument were changed, as when 
he who blows the bugle-horn puts his hand into the 
pavilion or mouth of the horn. ' 

369. A newexperiaient, which confirms the theorj', 
consists in boring a lateral hole in any part of a so- 
norous tube where a node is situated ; though this hole 
be left uncovered, the sound will remain the same : but 
if the aperture be made elsewhere, the degree of the 
sound will be elevated, because the air being not in a 
state of rest in that place, will disuse itself outward by 
reason of the vibrations, wliiclj, experiencing less ob- 
struction than when the tube bad no such aperture^ 
would accelerate their motion. This may serve to 
render manifest the general principle to which is re- 
ferred the construction of flutes and other similar m- 
straments, from which different tones are drawn, acr 
cording is certain of the lateral holes are closed or 
i>pened(^). 

370. The oscillations that excite sound in conical 

(jf) Malcblm observed in his TrcatiFC of Music, that any wlnd-instni- 
flneni bong over-blown, Uie sound will rise to an octave and no other con- 
cord ; «id bis Tcmailc has been many times repeated : but the theory of 
iMBd 4atlfuineftt$ given -^bove shews that Malcolm's opinion was^ tncor* 
ted at to this ^oinc. And indeed almost every perforner^m the German 
ilttte can cootradiet the assertion by referring to his own experience t 
since he knows t|iat by varying the confonmation of his lips, and the 
^ocity of die breath he propels into the instrument, he can produce 
(witfaom dtangmg the position of the fingers) not merely the octave^ 
double octave, Ac, but the fifth above the former, the major third above 
the seooad, and m on, accoiding to the series of the natural^ harmonics. 

We mi^ avail ourselves of this note to observe, that since M. Ber- 
nolini has shewn the complete analogy between the accelerations of the 
diflerent points of an elastic chord and of the correspondmg plates of a co- 
luoui of air, it legitimately follows that all the consequences vrhich we 
OMi fairly deduce, respecting the vibrations of an elastic cord, may be 
a^bvsed respecting the undulations of a column of air in a pipe. Hence 
we may readily derive a compendious rule for determining the ^^soiuie 
number of aerial pulses made by an open pipe of any given length ; for 
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tubes diiFeri in some respects, from those tbat take place 
in cylindrical tubes. The most remarkable difference 
consists in this, tbat the tremours of the air on which 
they depend constantly diminish with tfaci distance from 
the vertex of the cone ; so that the excursions of the 
different strata are themselves always smaller and 



the weight of the atmosphere produces in regard to a sounding cylinder of 
of air, the same effect as that produced by the weight that stretches a 
string. The theorem we have given in note (r), if we substitute for g its 

value 193 inches, will become n =r a/ . Let h be the height of 

a homogeneous atmosphere, then, l being the length of the pipe, and 
to the weight of the air included, we have the weight of this at- 
mosphere = : this beipg equivalent to t in the preceding formula, 

la 

must b« substituted fo, It, and .he,« will result n = ^^^^. Now. .h» 

numerator of this fraction computed in inches is about 11331 : if, there- 
fore, we measure the length of the pipe l in inches, the pulses in a second 

.,. , 11331 ^ . r , . ^. , 

will be = . Computations founded upon this theorem agree 

nearly with Dr. Smith's experiments, as well as with the observation that 
a French horn, or an open flute pipe, of about 16 feet long, or an organ 
pipe of 8 feet long, yields the sound C-fa-ut. 

If the height of the homogeneous atmosphere varied as tlie air near .the 
earth expanded or contracted, the above theorem would give true results 
in all circumstances: but this is not the case ; and it may happen that the 
pressure of the atmosphere may be augmented, while the density of the 
air included in a pipe may be diminished, a change which will obviously 
produce an elevation of tone. Thus, it is found that during serene or 
warm weather the pitch of wind instruments is raised, while during 
stormy, moist, or cold weather it is lowered : such indeed is the difference 
thus produced, that Dr. Smith found his organ a full. quarter of a tone 
higher in summer than in winter. Wind instruments also emit an acuter 
sound in proportion as themselves, or the included air, become heated: 
the case being exactly the same as if an elastic cord should become less, 
and still be stretched with the same weight. The effect of this is often 
■ felt in concerts of wind instruments with stringed instruments : the heat 
which sharpens the tone of the former, flattens that of the latter ; and 
consequently such instruments as the harpsichord, soon get out of tune 
with the horns and the flutes. Tr. 
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tsmaUer, according to the inverse ratio of the distance 
from the summit. 

But this difference alters neither the distance be- 
tween the most inflated parts, which is every where the 
same, nor the duration of the vibrations, which also 
jretain their isochronism in all cases. 

37 U We may now apply this theory to the propa- 
gation <rf sound. In every sonorous ray, which is, 
as we have said (348), an indefinitely narrow cone of 
air, what passes is similar to that which happens in a 
conical tube wherein the air performs its vibrations ; 
in other words, there will be a succession of nodes and 
oi points which correspond to the greatest excursions* 

As there is an inflated part (or one of greatest ex* 
cursion) at the origin of the cone, and all such parts are 
equally distant, we may separate mentally the whole 
cone into a series of truncated cones, equal in length, 
each of them having two such inflated parts at the place 
of its bases, and a node situated towards the middle. 
BernoulU gives to these truncated cones the name of 
concamerations. 

At the moment when the sonorous body begins to 
vibrate, the whole air will not undulate at once which 
is in any of the cones that have their summits at the 
d}fierent points of that body ; the tremours will only 
be communicated to the first concameration : when 
that has made one oscillation, it will give motion to 
the air in the second concameration ; at the end of a 
Dew vibration, the oscillations will commence in the 
third concameration, and so on throughout. Hence 
w© may see why the propagation of sound is not in- 
stantaneous, but requires a certain time which always 
Iwecomes more considerable in proportion as the dis- 
tance itself augments. 

The oscillations that have place in the different suc- 
cessive concamerations are perfectly isochronous : and 
farther, all the concamerations are equal in length. 
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Therefore die souod (H^Ik to ran orer the series of aK 
theao concamcTdtions witk a DBtTonn relochy ; irbich 
«nu une of the vHects we proposed to expUin. 

Now in proportion as the concameiatioai remore 
fruni ttiv kummtt, the tremoui^ of (be air irhicli pro- 
t]iici> the iltlc partial osctilations of whtcfa each total 
OsciUation lis composed, continue to dinunish, while 
llm isoetitbniiiin always subsists Rotwithsianding: 
wrhctkce Cl follows th:Lt at a greater di;>tance the 
t)r>;iiti will l>« mors feebly affected, and tlie sound Jess 
bevtl -, to t)tui ut a certain distance it wiij be com- 
pletely cvtinguislied. 

WlxethL-rtlie sound be strong or weak, tlie duration 
ot ilw «ibniitiv>n> and tiie length of the concameradous 
«tU tvmain the same, because: it is the degree of tbe 
Mwtxl alnie which determines both ; as it is easy 
intvT fcoiu the circumstance that the tone lielded by * 
tub« u the mue, whatever is the force of the breath 
«hivh CMues the air to vibrate, provided the opening 
of tli^ lips be likctvlrc the same. 

57-', It' HO stijijiosc \\\o soinids thai arc octares omi 
to another, to be heard either successively or together, 
tlte cotKaiuenttions depending upon the acute sound 
vill be as short again as those which correspond to the 
grave swind; they will, therefore, occur as often ^ain in 
a given s|wce. But the oscillations of the air in each of 
tliese are itcrfonucd in half the time; whence it results 
tliat they enipluy tlie same space of time to propagate 
tiiemsclvi-s tu the same distance: and thus the degree 
of sound (iis to grave and acute) has no influence updn 
the velocity, which in like manner agrees with ob, 
servalion, 

373. The pvL-ct'ilin^ may suffice for what regard; 
solitary soiiud'^, Ijui when several bodies vibrate at 
the same time ; when in a concert, for example, many 
instrmnents and many voicas yield at once sounds of 
Twrious degrees, how does it liappen that the different 
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Vibrations that result, meet in their passage through the 
air, without being destroyed or turned out of their course 
by their mutual encounter, and that each of them after- 
Wards continues on its Way towards the ear as though it 
had found the passage completely unoccupied ? 

Most modem philosophers have attempted to resolve 
this difficulty by adopting the idea of Mairan, who sup- 
posed the air constituted of particles of an infinite variety 
of di&rent magnitudes, any one of which was only ca- 
pable of receiving and transmitting the vibrations that 
depend upon one particular tone. Henc6 when several 
soimds concui:red in the same harmony, or in any other 
manner, each of them merely addressed itself, as it were^ 
to the particles which were in unison with it, and ex^ 
erased upon them an action independent of that which 
"would be experienced by the moleculae of a different 
diameter. But without recurring to this gratuitous sup- 
position, which, to unravel a complicated effect, employs 
a complication of another kind, and gets quit of the dif- 
ficulty only by transferring it to another place \ we may 
deduce even from the theory which we have laid down 
a sati$£iictory method of elucidating the distinction of 
simultaneous sounds. 

374. This elucidation rests upon the general observa- 
tion that all such minute motions as have points of con- 
course, become, in some measure, superposed some upon 
others without being confounded. To render th^s idea 
more manifest, let us consider two sonorous rays, which 
-meet one another under two different directions : the 
motion will be compounded in the small space where 
they. intersect, in such manner that the little oscillations 
which have place in one ray, by giving a slight impulsion 
to those of the other ray, produce, in the moleculae si- 
tuate4k at the point of concourse, other oscillations in the 
. diagonal. Let us imagine an observer whose eye will be 
capable of tracing the progress of the oscillations ; and 
suppose that this eye itself performs little oscillatory 
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rnorements, similar to those that the moleculae of one of 
the two rays woiJd have made on the analogous side of 
the parallelogram whose diagonal is described in virtue of 
the real motion. This eye will perceive the nioleculsc 
which follow this latter motion to oscillate, as though 
they were moved in the direction of the other side of tiie 
parallelogram -, that is to say, the eye itself having one of 
the motions which are compounded into the diagonal, and 
this motion being considered as destroyed with regard to 
it, will only receive the impression of the other motion. 
Now it is easy to infer from hence that the moleculse of 
■ir situated beyond the concourse of the two rays, to 
vhich ihe motion that exists with regard to the observer 
solely would be communicated, would not yet cease to 
leceive it j since ihey are in the direction where the 
liibrations that are performed in the diagonal ought, by 
decomposing themselves, to produce that same motion. 
This reasoning being applicable to the other sonorous 
tay also, it will be evident that the vibrations, after being 
confounded in a space almost infinitely small, ought to 
eet clear of one another again, and return to their former 
paths, as though they had never ««.perienced any such 



• To ihrow a new light upon this erplication, let bs concdre that a e, 
he, (Rg. ai.), icprescnt the dirccilons of two sonorous njt, which inter- 
sect Ctich ulhcr at the pninl r, andthal he, mc, mctturc (hccitentaf 
tlic lilile oscillations that obtain near the poinE of coneoura*. The mo- 
tions due 10 these oscillations ate so compounded in that point, that the 
single motion which results iiansfers itself to the pirticles siloated iiniB»- 
diately below r, and there gives birth to other osciUalioiu in the direction of 
the diagonal cr of a minute paiatlclogram f nrj, deletmined bf the lirati 
CH, ei, situated upon ii;e prolongations of the lines he, me, and equal to 
those measaies. Now the uscillations in the diagonal resolve themselves at 
the point r into two motions, whose effect is such, that Che molecula- situ- 
ated upon Ihe lines T^ tii, the one parallel loie, the other to uc, are soli- 
cited to pettorm oscillations equal to the former, and coinciding with thtne 
liiies li, ni. But the space in which all these motions atepettoimed being 
Slmost infinitely small, ihc lines r (, and r u, are, ar to sense, in the same 
iliicctioos i>a tbc lincj frc and ac; so tli» the osciUadoiu obtaining in 
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375. It is by a mechanism of a similar kind that die 
little »icces$ive undulations produced ixt water into which 
several sjtone&have been cast, p^ one over another with* 
out becoming confounded, and produce cirqum&rences 
that mutually intersect. But the sam6 thing does not 
obtain in ^great motions ; for there the nioleculae that are 
situated at the point of concourse receiving strong im- 
pulsions on different sides, are carried away in their turns 
by a motion which causes them to deviate totally from 
their original directions. 

876. Such is the point to which the theory has been 
carried: but what remains inexplicable is that species of 
suppleness of the air, to receive, in some sort, the im?- 
pression of the different characters of which the same 
tone is susceptible, by reason of the diversity of the 
bodies whicii yield it, and to modify itself in so many 
ways while conveying to the ear the soft and feminine 
tones of one instrument, the more vigorous and masculine 
sounds of another, and the infinitely varied accents of 
the human voice. We know not which ought to be 
most admired, the nature of the fluid which delivers those 
different messages with a fidjelity so eixact, even to the 
minutest details ; or that of the organ which discriminates 
all with so great a delicacy of touch, and comprises in its 
fibres the unisons to so many particular modifications of 
sound (z). 



the sense of thft latter lines, are considered as propagated in their pro- 
longations bcjond the point of concourse c. Hence, the resultants of all 
the little decomposed motions may be contemplated as lines infinitely 
short, or as simple points, which only transmit those motions, without 
Altering their directions. 

(z) Daniel Bernoulli's theory, a' popular represcnsation of which is 
given in the preceding pages, was first published in the Memoirs of the 
Paris Academy for 1762 His hypothesis corresponds to a very consider- 
able degree with the chief phenomena observdlle in wind instruments of 
the flute and trumpet kind. Many philosophers are not entirely satisfied 
is to the accuracy of his assumptions respecting the state of the air, and 
Am precise form of the undulations he ass^ns to it : although, however, 
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th«n iiiprababilitTorhiibctne miinking in these points, ani] aUhoujIi 
hii (cuonings On ihe i^etiiicl propa^lion of simulianeous sounds are 
by no mcani so convincing as might be wished ; ycl wc caimoi irfuse out 
assent to his ch^ef propositions, and ire conceive his whole theory to ap- 
pioiiTR3(c nearer lo the truth than any other which has hitherto been ail' 
vaiiced. Those who wish to Imow more ot this theory, and have not an 
Opportunity of consulting Ihe memoir mentioned above, are itftttnl t> 
lh< article TiiDwrEt, itfwicaf, in the Sup. Enc)-. Biian. Tr. 
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V. ELECTRICnT. 



377. Electricity is one of the branches of our know- 
ledge which modem philosophers have cultivated with 
much assiduity and success. It was no farther known at 
the commencement of the last century, than by the at- 
tractions and repulsions which glass, yellow amber ^9 
resins, and other similar substances exercised upon minute 
bodies presented to their action, and by a faint light 
which was disengaged from those substances by friction. 
About 30 years afterwards the researches of Dufay and of 
Grey introduced one of those fruitful epochs at which a 
science begins to develope itself by a rapid progress, and 
the discoveries press closely one upon another. A more 
attentive examination of phenomena led to the establish- 
ment of the important distinction between the bodies 
which transmit the electric fluid, and those which refuse 
to propagate it : the construction of more ingeniously 
contrived machines facilitated the study of its different 
modes of action: an unexpected discovery caused ani- 
mated beings to feel the energy of that power which 
-this fluid exerted upon them, by simple contact with the 
vessels wherein it was accumulated : finally, philosophers 
. learnt that the luminous phenomena of electricity, which 
had been exhibited by way of amusement, were only an 
. imitation, in miniature, of the explosions of a thunder- 
storm j and, to verify this remarkable an^ogy, Franklin 
discovered, in the influence of points, the secret equally 
surprising, of extracting the lightning itself from the 

• The name eUttridty has been borrowed from- ^ wM dt^frum, ky 
vhich the ancieuts demoted jfttixm tanUr, 
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doud which contained it in its bosom, and of pr^entihg it 
to observation under the form and with all the characters 
of the fluid whose action iil excited by our machines* 

378. As the ft^ betshlieiitdmpUdd in number, phi« 
losophers were more solicitous to explain them, and to 
trace their mutual dep endence . Dufay recogmsed two 
different electricities ; one of which he denominated 
wiiisikfi^ b^jBiif* ilr wbr jxrdd^eedbby! njMitt;|p iP^ i 'the 
iMier te mtad reifnmr^ beodiiif it wtb exi&bsdrby^iMi- 
Ki^ Mpn* lihl otherrSMimlgous scnsfeaAees* Ife sbsivf ed 
ifaftt ♦tthiil Jtto^t 4iiim<twi by. eidlie^ s|vteie9 o§ eifliotrifitty 
ApittvEts one Mfoilia^ii white they atfaraioted. those whtdl 
fftNMiiedr tlie-' e^ci speoses? 6€ dtfo&ioty. > lU^tifleBi^ 
iMutk wate al|rfn>brttts resorteii tii bj^ flymuH P Bi> a»fi «l- 
dtoeed to UieJv^fettKsit^^tf twa.£hfidh 
ittEbebe%%i% jf ms^ flie^lMe 

thtfoi^. Fnridd^ ekftabkeil) ihd deotricii mciixmsimLu 
iiSenat jmtfk ^ vUi^fbfhk doet^ne of puiitrauM 
wg!8ti#e eleiidtfefty^ aiid nnde a "very happy arp[tilati^ 
to the expdrrihtot of theLeyden phtal, the dischargif of 
which he referred io a sknpk re^estabiishment 6f elquili- 
hntttti. This mechanical idanner of conceiving and il- 
l^trathig a faet which then held the first rank among the 
^^fttdtti of ekeiricityi drew a multitude of pabrtisans to 
ihe f>hilosopher of Phihidelphia. ^pinus^ otie al the 
itiOit di^tingiiisihed of these, by applying th^ modehi ana- 
l]^j;i$ t0 his doctrine rendered it more rigorous^ and foxtn- 
ed a more closely connected aggregate of all the obserra- * 
ikfii9 pf piously known ; he also discovered many £iets 
Wcfirthy of attention, and thus yielded double service to 
the sckneey as ft mathematician and as a philosopher. 
Ihd^d he Wa^ fai-tHer liseful by prepatifig the way for 
CE^ulohilb^ t^§^ commencing his progress at the point 
Inhere JE^^iu6 ^tbpped, has alone sufinoufited numerous 
obstacles and described a new career. Provided with an 
Apparatus -^ithich he wsls the in^erit^r, and which 
unites to the merit of simplicity that of an unexampled 
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l^r^sioB) he has determined by decisive experiments^ 
the law according to which electrtcal attractions and re- 
pulsions vary, at difierent distances ; and this law he has 
Amnd to be the same as that of unirersal gravitation dk- 
edvered by Newton. The theory, established thus iJ^>on 
a solid basis, the same philosopher has applied to the 
flaaimer in which the electric fluid divides itself between 
difl!ereht bodies, and to the other effects which had been 
observed but not elucidated. 

579. Such was the state of our knowledge respectklg 
ekctrieity, when the experiments of Galvatii called ^ 
attention of sdl the learned in Europe, to phenomeiia 
very remarkaUe on account of their intimate connectioo 
with the motions of the animal economy, aiid which soon 
inspired an augmented interest by their relation with 
otie of the most beautiful rescdts of modem chemistry. 
Tile theory dien needed a further extensicm, thut it might 
be applied to these new phenom«ia: and it was reserv^ 
to the celebrated Voka to give the necessary enlargemtttt 
to the limits of the science, by the discovery of a prid- 
cipl)^ which had eluded the sagacity of othei* philo- 
sophers* 



\. On the Electricity produced by Friction, ^ 

by Communication. 



General Notions. 

Before we enter upon the developement of the theory^ 
we shall lay down some preliminary notions^ which it 
will be necessary to have always impressed upon the 
mind. 

380. Bodies in general are distinguished into two 
classes, as they regat-d the communication of the electric 



EUctriciUj. 

One class, which are named conductors, such as 

metals and liquids (with the exception of oil), trans- 
mit this tiaid more or less easily to other bodies of the 
aam« tImi that are in contact with it- The others, which 
noit-conduclors, such as glass, amber, sulphur, 
T k, &c., retain the fluid as if oinfined in their 
hout permitting it to diffuse itself over the sur- 
bodies. 
V, '" to ^'■ey and Wheeler the discovery of this 
'I ence between bodies, relatively to the 

luit 01 Electricity*. These two philosophers 
that all bodies conducted indistinctly 
1 with the intention of propagating 
([ lu a giB. ranee, tliey proposed to suppwrt a hempen 

cord which was to serve as tlie conductor upon a tJiin sillc 
lace stretched out horizontally ; expecting that this lace 
would only permit to escape a thread of electricity, pro- 
portional to the minuteness of its diam«ter, so that a great 
quantity of fluid would be transmitted by the hempen 
cord. This was about 80 feet long, and passed over 
the silk lace in such manner that onfof its parts, 
being only a few feet long, descended vertically, having 
an ivory ball attached to its extremity. Thd other 
part was extended along a gallery in a horizontal direc- 
tion till it reached a glass tube to which it was at- 
tached. While one of these philosophers rubbed the 
tube, the other saw some down from a feather placed 
under the ball attracted towards it, and then im- 
mediately repelled. But the silk lace being broken. 
Grey, who had no other at hand, substituted for it a 
metallic thread, and from that moment all the effects 
disappeared. Hence both philosophers inferred that the 
obstacle opposed by the iilk lace to the loss of elec- 
tricity, depended not upon the fineness of the strainer, 
but upon us very nature ; and that which hail been rq- 

* Piir.nlcy'i ITlslory of Elcrtiicity, vol, I. p ii, 
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an accident became a lucky one in the esti^ 
i men of science. 
I. Non-conducting bodies have> moreover, this pro- 
peri; , that when one among them is rubbed, it produces 
about it a disengagement of the electric fluid, susceptible 
of manifesting its presence. These bodies are distin- 
guished by the name of idio-electric bodies j that is, ^Z^r- 
t)ncsper se ; and conducting bodies by the name of anelec^ 
fries f that is to say, 7ion electrics, if it be not by commu- 
nication. 

58f . It must not be disguised, however, that we still 
want a distinct line of separation between the two classes 
formed by bodies, in relation to the communication of 
the electric fluid. For there is no body which is either 
a perfect idio-electric, or a perfect conductor ; and there 
exist between those that approach nearest to these two 
limits, an infinitude of intermediate ones which participate 
more or less of the idio-electric or of the conducting pro- 
perty. There is, also, a species of bodies in which the 
relation between the two properties varies very per- 
ceptibly, according to circumstances^ and frequently 
that variation is occasioned by a mixture of conducting 
moleculae^ interposed between those of a body naturally 
idio-electric, or reciprocally. Thus^ the atmospheric air, 
which supposing it very dry would possess the idio-elec- 
tric property in a sufliciently high degree, is often charg- 
ed with conducting aqueous vapours, which deprive it 
of that property in proponion to their* abundance. For 
this reason it is that a humid air is so little favourable to 
electrical experiments ; because by seizing the fluid dis- 
engaged about the apparatus, it prevents it from attain- 
ing that degree of accumulation on which depend both 
its energy and the success of experiments. 

383* On the principles we have just been stating the 
construction of our electrical machines is founded. In 
that which is most in use at present, the electricity is 
produced by the friction exerted by several cushions 
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upon the tva mrfaces of a glass table or plate fixed upon 

an axis to which a rotation is communicated by means of 
a handle. The electric fluid, as it becomes disengaged, is 
attracted by points of iron situated horizontally at a small 
distance from one of the faces of the table, and from 
thence ii difiuses itself over the surface of ^ copper ey- 
jiader, known more panicularly by the name of prvne 
conductor. This cylinder is supported by two columns of 
glass, a sutetance whkh being of a non-conducting nature, 
opposes itself to the dissipation of the Quid with which 
the conductor is charged ; and the fluid not being per- 
mitted to escape otherwise than through the surroand- 
ing air) which by la natui-e refuses also to transmit it, 
becomes accumulated to a certain degree about the con- 
ductor i so that if we bring near it a linger, or any other 
body which ia itself a conductor, the presence of the elec- 
Irk fluid is announced by a spaj-k (a). 

S84. It is said of an electric body that it is insalaltit 
when the body which sustains it opposes the propagation 
cf the fluid with which it is charged. 



(a) The advsnugcs of this kind of machine aic, its potUbili^ and the 
Bimplicily of its construction ; so t^at any pHratc gtntleman iffcr pio- 
cuiing ■ modcralel; thick plate fiom a glass-house, maj constiuct one fer 
his own use with the auistance of ■ cammon cabinc(>rRaker : the can- 
(luclor may, in such case, be insaUtcd by icsin, vfu, silk, oi any oibtr 
non-ccntl acting substance. 

TTiele pfale machines when of a large diameter are by fet the mast 
powciful o( any; and ihcir energy is greaOy increased by a secsnd plalc 
parallel lo the former, and turning on the same uLii, A very powerfOl 
machine of this kind was made in Englind by Mr. John Culhbeitson for 
the Teylcrean museum at Haarlem. It consisted of two circular plates of 
nearly 55 feet diameter, about r| inches asunder, and each cicited 
by four lubbers. The prime eondutlor was divided into two branches, 
so conirived as to enter between the plates, and by means of points collect 
the electric fluid. Such machines, however, with two large plates, require 
much labour to turn them, and are more liable 10 accidents than th: 
common cyltniu machines, sold by most philosophical instrament- 
makers. Ncii to Cuthbcrtnon's, thwe by Adams, Nuirnc, and Jones, ore 
jjineially mo-lc^tecmed. Tit. 
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Sft5. We must not omit to ttidiitian, that a eofiducting 
body, when it is insulated, acquires the dectric property 
by the friction of a non conductor. But the fluid with 
^hich it becomes charged is, in this case, furnished by 
Ae rubber ; so that the conductdr does nothing ebe tJrtH 
receive it by communication. When the same body, ndt 
insulated, utidergoes in Kke manner the friction of a noti 
conductor, it also disengages the fluid which is taken up 
by the first body, but transmits it immediately to the suf» 
rounding bodies with which it is in commutiication. 

3S6. The hypothesis which we shall employ to explaiti 
these phenortiena, will lead us to consid^ with Symmer*, 
the electric fluid as composed of two diflfereUt fluids, 
which are neutralised one by the other in the ordinary 
state of bodies, and which are disengaged when the bodies 
exhibit signs of electricity. It must be acknowledged, 
however, that the existence of these two fluids is not 
founded upon such satisfactory reasons as that of the 
electric fluid itself, which we here suppose to result from 
their combination. But the adoption of these fluids con- 
tiUces, notwithstanding, to a simple and plausible manner 
of representing the results of experience, and pre- 
serves us fh)m the difilculties into which we shall see 
that tre are likely to fall by attempting atiy other hypo* 
thesis {b). 



* PhiloaA^hlcal Tranteo* v«l. LKI^ jMdrt i. fMk 840, e( 9^ 
(h) Professor Robi^on states a fact which be considers as a oompletc 
proof that the doctrine of vitreous and resinous electricity h unfounded: 
both klilds of electricity afe produced in a condticting body, without aAy 
fUateHal commuAic^ttioli, by nittt juxta-fMftition to a body po^essed of 
either the vi(reou4 or the resinotts ekctrieity. For our own parts, we he- 
sitate to admit the existence of the electric fluid itself, as completely 
established ; or if we admit it in theory, We do not positively affirm that 
it exists in nature, conforming in this respect to what M. Haiiy has stated 
generally in par. i la. But it is of comparatively littlo importance, wheo' 
(her one iluid, of twb component fluids really exist, or be merely hypo* 
theiical, provided the assumed hypothesis enables us faitlpifully und satat- 
feictofily to exhibit and connect the results of experiment. I^r. 
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Such, in general, is the muiner of acting of the two 

fluids now spoken of, that the molecula; of each mutually 
repel one another, while tliey attract those of the other 
fluid. Hence there results four different combiiiatiom 
of actions between ^he fluids of two bodies, namely, 
Iwo repulsions and two attractions i and on ttese 
depend the motions by which the bodies themselves a[>. 
proach or recede one witJi regard to the other, as we 
shall soon shew more at large. 

S37. The electric fluid is difliised m all bodies. The 
terrestrial globe is its inexhaustible source; on which 
account this globe is often called the common reservoir, 
when we speak of its intervention in electricaJ pheno- 
mena. Every body possesses a certain quantity of the 
same fluid, which depends upon its nature, and which we 
shall therefore call, ihe natural guantily o/Jiuitl of that 
body. If through the effect of any circumstiince, this 
fluid undergoes a decomposition, tlie body will be found 
electrised or electrified : whence it is evident that wc 
must not confound a body in its natural state with a body 
tliat merely has its natural quantity of fluid ; since the de- 
composition of this lluid may cause the body to pass from 
4ts natural state, without any addition of extraneous fluid. 
But the body may likewise pass to the electric state, in 
virtue of a superabundant quantity of either of the con- 
stituent fluids, which it shall have received by commu- 
nication. 

388. Let us now compare the opinion of Franklin as 
to the electrisation of bodies, with the manner of con- 
ceiving the same phenomenon in the _ hypothesis we have 
adopted. This celebrated philosopher considered the 
electric fluid as a simple substance; and in the passage 
to the state of electricity one of two things might happen : 
the body might receive from without a quantity of fluid 
which would become added to the natural quantity, and 
in this case, we should say of this body that it was elec- 
trified -positivcljj , which takes place with regard to glass. 



Hypothesis ofSynimer and Dufuy. ^j>' 

and to many other substances, in consequence of friction r 
Of the body might lose, a portion of its natural fluid, and. 
then it would be found electrified negatively ; this would 
be the case with sealing wax, resin, silk, &c. when they 
are inibbed. Hence are deduced the expressions of positive 
and negatrve electricity j employed by Franklin to represent 
the two opponte states of which we have been treating : 
we shall soon see that the same body might also, accordin|^ 
to circumstances, pass to one or other of these states. 

But, in the hypothesis we have adopted, all the effects 
attributed by Franklin to positive electricity, or to the 
superabundance of a simple fluid admitted by that philoso- 
pher, would be produced by the action of the two con- 
stituent fluids, restored to its free state ; and the effects, 
which in his views would depend upon the negative elec- 
tricity, or the subtraction of a part of the fluid, would he 
due to the action of the other constituent fluid. We shall, 
therefore, call the fluid that relates to the first kind of 
electricity, the fluid of vitreous electricity^ or simply th^ 
viPreous fluid \ and we shall give to the fluid which pro- 
duces the other kind of electricity, the name of fluid of re-^ 
sinmis electricity^ or for conciseness the resinous fluid. 
This language is nearly the same as was employed by 
Dofiiy, in a less determinate sense ; and since we possess 
but little knowledge as to the real nature of these two 
fluids, whose existence indeed is not completely demon- 
strated, we conceive we cannot do better than borrow 
the names of those bodies which appear to furnish them 
in a more especial manner. 

389. We must premise that the two fluids assumed 
here ought not to be confounded with the two currents, 
one of effluent and the other of affluent matter, which 
NoUet had devised to account for electrical phenomena. 
Those two currents appertained to the same fluid, and 
proceeded, the one from the conductor towards the 
surrounding bodies, the other from them towards ft. 
Tliece ]Sy doubtless^ a wide diffarence between sucii hy* 



pothe5«f, wliieS «mpIoyed effluvia whose actions freed 
from all law, and frotn every rigorous metliod, lead onljr 
to vague explanations o£ pari of the phenomena, vhile 
they are defective in their application to others i and 
those theories that are founded upon forces whose mea- 
tures are tUduced from experiinenti and whose different 
effects are determined by computation with a precision 
vhich \TOuld enable us to predict them. 

S90. Two idio-electric bodies excite in one another, 
by their mutual friction, two different states of electri- 
city 1 and the circumstances that determine either of 
them to acquire in preference one kind of electricity, 
depend upon certain causes which it is not ;dways easy to 
discover. Glass and substances in which ihe vitreous 
character is clearly marked) such as rock-crystal and gems, 
ilmost always ac^juire vitreous electricity, whatever Hiay 
be the rubber employed : we say, almost always ; for we 
have observed that glass rubbed with the hair of a cat 
becomes electrified resiuously. On the other hand, 
resin, sulphur, sealing-wax, &c., would acquire resinous 
«5cctricity, on beiot; rubbed with any idio-electric what- 
ever. Bui here there is a restriction to make, at least itt 
regard to vitreous substances, which only manifest vi- 
treous electricity after they have been rubbed, when their 
surface is smoothly polished. Thus glass which Jias been 
Toughened becomes resinously electrified, by friction with 
the same substaiices which had previously communicate^ 
to it vitreous electricity. In general, c^eris paribus, 
substances that have their surfaces set with asperities, 
appear to have a more decided tendency towards re- 
sinous elearicity. When we rub a white silk ribband 
against another of black silk, the first becomes electrised 
vitreously and the second resinously ; which Ingen-Housx 
ascribed to the colouring matter of the dark ribband 
being composed of such moleculse as give a certain rough- 
ness to its surface.* 
• N'ouvc'iles Ejjwr, ct Observ. (urdivcnabjUsdefhTsiqnc,-! I. p-.a. 
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Among insulated metallic bodies which are robbed with 
% substance of a determinate nature^ such as a piece of 
wooUen cloth; some, for example, zi|ic and bismuth^ ac- 
quire vitreous electricity ; and others, as pewter and an- 
timony, acquire resinous electricity. We mention these 
metals in preference, being those which most commonly 
giv« the same results. For singular anomalies are ob- 
served in ezperimenb of this kind ; such that the same 
piece of metal, placed in similar circumstances, shall 
sometimes acquire a different electricity from that it had 
formerly manifested. 

The same diversit]^ obtains with respect to certaiii 
idio-electric bodies. Sometimes it is remarked that fric- 
tion gives birth constantly to one kind of electricity in a 
certain piece of a substance, while it as constantly produces 
a di&rent kind in another piece, otherwise similar to the 
former. We know of no body in which this sort of 
anomaly results from such delicate and imperceptible 
shades, as in the mineral commonly called cyanite^ and 
which we have named disthene (having two virtues (c). 
Among the various crystals of this mineral, some always 
acquired resinous electricity, by means of friction, and 
others vitreous electricity : in some of these, the two 
species of electricity were respectively contrasted upon 
two opposite faces ; while neither the eye nor the touch 
could discern, in either the lustre or the polish of those 
faces^ the slightest indication of that difference of 
states (d). 

(c) This stone was first described by the younger Saussure, under the 
name of tapptav. The name ebonite which was giwen it by Werner, wa»^ 
vuggested by its milk white colour with shades of sky or prussian blue. 
The primitive form of its crystals is a four-sided oblique prism, those 
isides being inclined at an angle of 103°. Cyanite has been analysed by 
Svu^re, Struvius, and Hermann, all of whom agree, as t» the ingre^ 
'4ieDts, namely, alumina, magnesia, silica, iron, and lime; but tkicf 
dif!br widely as to the relative proportions of those ingredients : Saussuie 
found more than half to be alumina, Struvius more than half silica, aiul* 
.' tfcnnann found 30— 97ths of magnesia. Tr. 

(«Q Tbt comparatively, recent discovery of dectricity by simple cootaot^ 
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£lfclri'cify. 

iefore vfe enter upon the devetopement o^&e 
■will be necSssary to present an idea of electric 
"We give this name to the repulsive force with 
wbtcli tne particles of the vitreous or of the resinous fluid 
d 'ver the surface of a body tend to separate from 

er. This force is prop'^rtional to the density of 
ihe i or to the number of molecule comprised in a. 

I ice. Let us suppose that two bodies were 
en for examole. with a vitreous electricity. If we 

I ot each 1 ody a little metalHc disc, 

Tie.<i to the extremity of a needle of gtim lac, to keep it 
intities of fluid which the two discs (sup- 
equal) would take up from these bodies, 
wou 'ely as the tensions of the bodies ; and 



A»n£s lame notice in ihts place, Volu iracFd this singuUT propeily in 
ActerogenCDut metals, aad il enabled him le explain the jihensmcna •{ 
ihc pile: See bis letterioSir J«eph. Banki, in Phil. Trans, foi isoo, pj, 
<Q3. But LibcB hai puraued this branch of the enquity farther than any 
othei philosopher whose norks we ne acquainted wUh. He has made na< 
mcmui experinienis in legatd lo the electricity developed tiy the contact 
of tesinou! bodies with mttallic substance!, of resinOus bodies with 
nticuus and calcaieous substances i of minoui bodice with animi) 
and vegetable substance*; and has shewn clcicly that ths phenomena 
exhibited in all those experiments was due to the contact cxclusivelj. 
The inferences he draws froni his leseaiches aie, 1st. That resina exert at 
contact, a vis eUclronolrix mote or less powerful upon all the bodies in 
nature, adty. That Ihe electricity developed by (he contact is always the 
reverse of (hat generated by frlclion. 3dly. That to establish the existence 
ofmetilliceleelricily it isdanjeroas lo employ resinous condensers; foT 
the powerful action of ihe resin upon the metal might combine itself with 
that exercised by the beierngencous mclals one upon the other, and thiu 
conlribute to the produclion of phenomena. 

M. Ijbes likewise deduces from his experiments « method previously 
unknown, of always electrising positively or vitreously resinous sub- 
stances, and of always electrising negatively or rcsinously polished gl>£s> 
siliceous, calcareous and metallic substances, &c. The instrument used 
for this purpose, he calls £ectromateiir risiaeax : il is composed, 1st, ofa 
disc of wood well poli-hed, and covered with one, or better still, with 
teieral cases of taifeta, varnished with elastic resin : adiy, of a disc of 
meial, of polished glass, of agate, or of marble, &c., insulated by a cy- 
linder of glaes or of scaling wax, fixed to each disc. For Ihe mote parti- 
cular descriptiBrx of (his instrument, and iu use in electrical cxpciinieitt^ 
tic leader may consult Libes's DicLionary, vol. I. Th. 
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hj tmploying to measure themr methods of width vr$ 
AaH speak in the sequel^ the Hdation bqjtween th^ ten« 
(dons may be ascertained. 



On the Law regulating Electrical Actions 
at different Distances. 

392. The forces q( the two fluids that compose the 
electric fluid, act, as we have aheady stated (378) in the 
inverse ratio of the squares of the distances* This hw 
had already been adverted to by many philosophers, an4 
particularly by ^pinus, who said thatf if he were to 
choose he should give the preference to tUs law, becaus^ 
it had general analogy in iti favour*. Hence we see 
how far he presumed that the principle of the celestial 
motions was extended to all actions at a distance ; and 
the more this idea was beautiful and gratifying to the 
mind, the more it was to be desired that it might .be# 
come completely verified. 

Coulomb has demonstrated it at the same time, both 
for electrical actions and for those that depend upon 
snagnetism. He has given to the apparatus which he 
Used in the experiments relative to electricity, thf^ 
niame of electrical balance^ which is extremely approi 
priate, since it furnbhes the means of establishing the 
equilibrium between an electric force and another, 
force whose smallest quantities are susceptible of being 
measured with much j^irecision. 

This latter force is denottuiatedfiiej^it'rT^^/or«2(mt 
It is the efibrt made by a thread which has been twj[s^ 
ed to untwist itself and return to its JFoirmer state. X^ 
a c (fig. 33. PI* v.) )>e a thread or wireqf ihetal or any 
0theF matter to^^ which a small lever b d is suspended 
hy its middle; let us suppose that this lever i)ein^ first 
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in a state of quiescence, begins io turn about lliep^Ht f, 
bv describing circiiWarcs wit bits tivoestrcniities, Tha 
thread becomes tw istecl at the same time by a nimibef 
of degrees equal to that wiiicb is comprised in each of 
tliose arcs ; and if we would retain it in this state of 
torsion, we must apply to one or other cf tbe esire^ 
mities 6 (/, of the lever, a resistance wJiich will coiinttr- 
balance the effort of the thrciid to return to thai point 
where, the lever being immoveable, the torsion would 
be nothing. Now Coulomb has proved that, all other 
things being equal, tbe effort which he names/orcc of 
torsion is proportional to the angle of torsion : let ua 
imagine, for example, that in the case we have been 
speaking of, the arc described by the point J, or by d, 
or which comes to the same, the quantity of tprsion 
vas 30°, and let us denote hy r the resistance capable 
(if making an cquilihriuQi to that torsion; then, if we 
tuppose a double torsion, or an arc of 60° described, it 
will be necessary, in order that there should again b§ 
an equiiibrinm, to employ a resistance equivalent to 



393. The apparatus contrived bj' Coulomb iscont^ 
posed principally of a large glass cage ACDB* (fig; 
24.), covered with a large plate A C of tlie same subr 
stance. Upon the middle of this plate is soldered a 
vertical tube J^e 6 k, likewise of glass, and surmounted 
by -a much shorter tube or collar of brass cbhd,\a 
which another tube of the same metal turns with fric- 
tion. The latter carries a plate ly having an ovilice 
at its centre to receive a little stem or pivot, on which 
^ 6xWl an indey ol that is made to turn at the same 
tim^ with the pivot, Tbe rim of tbe plute /j/ is di- 
vided into 360 degrees, in tiie order oilky. The 
pivot CKrrie^ at its inferior estrcmifcy a littie pincer 

* Wf may give ro.tliis cageciilicr a cylindiieal form, such a; iliat re? 
presented in ihe (iBUte, or a cubiciil foim, alpleasiin. 
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which holds a very thin silver thread p w, at whose 
bottom is suspended a little brass cylinder n m to keep 
it stretched. This cylinder is split in the direction of 
its length, and performs the oflSce of pincers to press 
and retain the little lever a g^ one of whose arms, name* 
ly n ay is made of a silk thread varnished with gum- 
Bac, and terminated by a little circular plane a of , gilt 
J)aper, The other arm is a copper wire ng^ of such a 
length as ensures the horizontal position of the lever. 
NoW| it is in the torsion impressed upon the metallic 
thread or wire p n that the force consists which serves 
to measure that of the electric bodies whose effect it 
balances. 

The plate AC has another orifice at 7W, through 
which passes a second silk thread, varnished also with 
gum-lac, and maintained in the direction m /, nearly 
vertical, by means of a stick r ^ of sealing wax. This 
silk thread sustains at its inferior extremity a ball i*, 
which cprresponds to the point zero of a graduated cir*^ 
tie z q fixed or marked on the outside of the cage 
ACDB. We may always, by means of the superior 
brass tube, which we can turn without difficulty in the 
collar within which it is fitted, dispose things in such a 
manner that the little circular plane a shall touch the 
ball X, without obliging the thread of suspension pn 
to experience any torsion (e). 

Things being supposed in this state, we shall proceed 
to describe the experiments made by Coulomb before 
tlie Academy of Sciences, in 1785. This philosopher 
first electrified the gilt circle a, and the brass ball x, by 
touching' them with a little «conductor charged with 
vitreous electricity, which he introduced into the. cage 
by an aperture formed for that purpose. Immc-" 
diately the ball repelled the little circular plane t6 

(«) The hontmnble Mr. Cavendish has emplof ed a nearly similar con* 
stni^tton to this of Coulomb's, in his valuable experiments relative to thtf 
fiSrbe of smv'^ty. PhiL Trans. 1798» part II. Ta. 
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the distance of 36% estimated from the position of thai, 
plane with regard to the cirpiunferenoe described upon 
the glass d^e, By a necessary (^cmseqaencc the me^t 
tallic wire was twisted an ecjual nm^^r of degrees. 
Coulomb continued the tcorsion l\y a £Eurther quantity 
^ual to 126'', by turning the index 1 attapbed to the 
pivot which held the threa<]| suspended ; an4 ^^ ^^U b^ 
^asy to conceive that, in this pasct the rotatory motioi^ 
of the index ought to be iq a dire^on contrary to that 
in whipb the gilt circle bad moved^ 

The force of torsion was th^n found to be (lonsiderr 
vably augm^nted| and the i^epulsive actioq of the twa 
bodies bieing no longer sufficient to balance it at su(:li 
a distance, the gilt circle returned affun towards the 
ball until it reached the point where the repulsive forpfi 
h^ so increased in consequence of the dinunution qf 
distance that the equil^b^um was re-establisbed ; at 
that moment the distfince between the bodif^ wiM 
only IS**. 

Now it must be remarlced that the impressed tossioq 
of 126*", being a qontinuatioq of the torsion of ^6^ pre? 
viously produced by the repulsion of the two bodies, if 
we subtract from this latter the 18^ through which the 
thread bad untwisted itself while the gilt circle return* 
ed towards the brass ball, ther^ will remain ^8% which| 
added to the ]i6° of torsion ifQ|[|ressed w|Ilgive ^4^ 
fuf the total torsion relatively to ihe. second position- of 
the two bodies. But the torsioq which bad place in the 
preceding positipn was of Sg**; whence it resulted that 
the two repulsive forpes which janfade the equiUbfiun^ 
with these two torsions, )|ere in the ratio of 1^4 to S6y 
or that of 4 to 1. Now the corresponding distanpe^ 
were 18 and 36, or as 1 to 2: from which it appear^ 
that the repulsive forces conformed to the invi^rse ratio- 
of the squares of the distances. 

This experitiient was varied in several didkrent wa3rs^ 
according to othdr relation? between the distances ; and 
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titi the results w^ found Conformable to the same. 

The snlall errors inseparable frcnn the results furnish- 
^ by a'mathine whose Uiovemeiits always leave some- 
thing ill abatement of geometrical precision, have not 
tsscaped the attention of Coulomb : for example, the 
^rue measute of the distance between the two bodies is 
t)ot precisely the arc intercepted between them> but the 
tord of that a)hc. On the other hand^ the repulsive 
action of the b)fass ball upon the gilt circle is a little 
oblique -upon the levef" which carries that circle. Yet 
the machine is so ingeniously contructed^ that the two 
errors ph)ceed in contrary directions, in such manner 
as to compeUsate very neairly when the angles are not 
^considerable. 

Analagous experinients have proved that the elec- 
trical attiractions conform, in like manner, to the in- 
verse ratio of the squai'e of the distance : afid besides, 
'We may heire, without having recourse to observation. 
Immediately iufer the )aw of the attractions from ihaft; 
of the repulsions, by considering the equihbrium df 
two bodies^ each of which has only its natural iluidJ 
iF'or, since the quantities of vitreous electricity which 
make part of the quantity of the natural fluid are 
always proportk)nal to the quantities of resinous elec- 
tricity j whenever the mutual repulsions of the same 
tcind of fluids are in the inverse ratio of the squares of 
^the distances^ the attractions must necessarily follow 
the same law, as without it the equilibrium cannot 
^taim 

394. The law Ve have thus established leads to a. 
Very rcmatkable result with regard to the electricity of 
iconduGting bodies. It is tliis: all the free fluid which 
appertains to one of those bodies in the electric state, 
is diffused about its sutface, while there exists nt> sen- 
sible portion within the body. This property is de- 
sponetrated equally by reasoning and by experiment ; 
'«Bd we shall present in succession both i^inds of proofs 
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pbserving, notwithstaoding, that the geometrical ie* 
moiistration is only rigorous for spherical bodies, and 
a few others of which we shall speak presentlj-. But 
as a solid of any form may always be considered .a^ 
circumscribing one of those alluded to, the manner in 
yrhich the principal action is modified by- the redun* 
dant matter, can only produce a very slight difference 
in the result. • 

The demonstration which we shall exhibit of thif 
result, considered in relation to spherical bodies, de- 
pends upon two principles of the Newtonian philoso- 
phy. One of them, which we have before spoken ot 
when treating of attraction (53), is this : if all the mo* 
Jeculee of a sphere attract inversely as the squares of 
^e distances (and we ipust of necessity say the sam^ 
pf the repuL<4ve force), the sum of the actions wlucb 
they exercise upoq a particle of matter placed, out of 
the sphere, w^l be tl^e same as if all the acting mokr 
culae were concentrated in the centre of that sphere. 
Ip this case, such, as vre] have remarked, is (he manr 
ner in which the actions emanating from different 
ppints of the sphere are mutually combined, that there 
is a compensation between the weaker actions of the 
moIeculaB placed beyond the centre, with respect to v 
the particle attracted or repelled, and the stronger 
actions of the moleculae situated nearer than the sam^ 
fcentre; so that the centre is the point in which we 
must ultimately conceive all the molecules to be uniteJ^ 
Jo exercise a mean force which should be equal to the 
aggregate of all the forces disseminated through the 
pntire mass. 

This principle only obtains in consequenpe of thp 
pircumstance that- e'ach of the concentric spherical 
laminse of which we may suppose the globe to be con* 
stiti,i%d froa> the centre to the surface, itself attracts or 
repels, ^s if all it§ matter were coqdensed intq ihg 
centre ; iq such manner that the proposition is -equally 
true of a simple spherical shell or envelope Tvhict 
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%tk)uid leave a complete vacuity between it and the 
t^tre. • ' ' 

tn tlie other principle we suppose a like envelope, 
whose molecuIiB still act according to the same law : 
but the particle attracted or repelled, instead of being 
imagined out of that envelope, is situated somewhere 
within its cavity ; and we prove that, in such case, it 
is attracted Or repelled equally on all sides, or, in oilier 
Words, thai it remains immoveable in its position: 
this is demonstrated by Newton in a i^emarkably simple 
manner * (/) hy the aid of the following construction. 

Let i>nts (fig. 85. PL VI.) be the projection of the 
envelope or jibel! urtder consideration, and let m be the 
'particle attracted J we shall suppose that the envelope 
•acts by attraction upon that particle, since the same de- 
monstration applies equally to die hypothesis of a re- 
p\ilsiv€ forte.' Draw through wt two lines 4 wt c, g in a, 
t6 intercept Upon the envelope two infinitely small arcs 
-ab, r^, ^Qch' as rtiay iie taken for their cords. Let 
us then conceive* two '^nrilarand infinitely small por- 
tions of th(^ shell which liliave a b and eg for diameters : 
they will Be* respectively as the* squares of tho^ dia- 
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* Philosophii I^atur. Prindp. Mathcmat., L I. sect. Kit. prop. Izj^ 

theor. xxf. 

- (/.) Mttch of the reasoning in.tl»s part of the work is extremely simi- 
W to that of the Hon. Mr. Cavendish in his curious dissertation in the 
^Philosophical Transactions, vol. 01. The differences being no more than 
are required in such mo4ific^tiojls as would render the demonstration of 
thclSn^ish pfiilosopher applicable to the theory of Coulomb. 
. Mr) Oavtiifidish has given his various theorems on the action of spheres 
and cinjalar. plates, in an abstract and general mathematical form, ap- 
plicable to any law of elcctxic action which may be warranted by expc" 
Yifcncc i\ciA Of cotiiie it was easy to accommodate them to the inverse dtt- 
)p!icate ratio 'Of" the dtstanceSyHtf well at to apply them to Coulomb's hy- 
^thesit mstead ofthat of^^inus. . . 

We are the more surprised at M. Hauy*s omission of Mr. Cavendish*f 
name, not merely here but throughout his Treatise on Electricity, as it 
appears "Jirdmwhathe sa>^ at par. 220., that he is hot a stranger to the 
•ttaks oC out leaihed and uagenioiis countryman in.other req)QCt9. Ta. 
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DietCTs; and since the attractions conform to the direct 
tatio of tlic masses and the inverse rdtio of the squares 



of the distances conjointly, ihey will be as 



j'rf* 






But, because of the similar triangles mab. 



tncgi we have ah: eg:: mb : mg, or (ttft)'.- 

iegY:: (miY: {fng)\ Therefore 1^ = i^. 

Ihat is to say, the attractions are equal. Now, if we 
suppose the enrelope divided into an infinitude of mi- 
Inite portions similar to the preceding the attractions 
of every two respectively situated on the opposite sides 
will be also equal *hence it, follows, that the panicle 
iffj being no more solicited towards one side thaii 
Inwards the other, wilt remain immoveable. 

Siichj therefore, is the combination of actions pro- 
duced by the moleculte of the shell, tliat if We conceive 
k plane i r to pass through the particle attracted or re* 
pelled, and to cut the envelope, into two parts neccs- 
rfearily untequal, the actions of the smaller part tgr 
.being in general nearer, while those of the greater tar 
fare exerted at more considerable distances, there will 
^eeblt an exact compensation which will retain in equi* 
iibrio the particle subjected to those contrary actions. 

395i All this being well understood, let there be 
given a cotiducling body of a spherical figure, and 
filled \vith a freely acting fluid of either vitreous or 
tesinftlis electricity ; and let us suppose that, if it were 
}jossil)le, there should be an equilibrium> It will fol- 
Jpii'from the preceding printiples that this equilibrium 
tannOt subsist a single instant, and that all the fluid 
^vili be driven out of the sphere. 

Let oi (fig, 36) represent the sphere in question: 
let us separate the fluid, mentally, into an infinitude of 
pohi:cutnc spherical latninae infinitely thin, enclosing 
stie Bnotber successively fi'oto the centre ttJ the gUHiwei 



Electrical Jctiam at a Distance. ' 361 

is s^ijf'n in the figure ; and let us consider the actioi^ 
of the sphere Upon a particle m situated at the exteriof 
sUirface of any one of those laminae) as den. The re^ 
pulsion of all the fluid contained in this shell and ii^ 
ail the others that are nearer the centre^ will be th^ 
same as that of a sphete upon a particle placed at itf 
surface^ Hence, in consequence of the first principle^ 
this particle and all those which ate at the same dn 
stance from the centre will tend to fly off froto one 
another^ ana to quit the sphere^ There canuot^^ ^hef?? 
fore, be any other obstacle to this tendency than o|} 
the part of the lamince comprised between the particle 
pi and the exterior surface os^ But the second prinr 
ciple tells us that the actions of those superposed u)|| 
concentric lamin® annihilate each other, with regard ^ 
a particle placed nearer the centre ; and consequently 
ihe action which is exerted from the centre towards the 
surface will subsist entire^ 

As the fluid issues from the sphere thet^ will I^ 
formed about the middle of that sphere a. vacuity whic^ 
•\vill itself have the spherical form. Every particle tt« 
tuated in one of the intermediate shells between that 
.vacuity and the exterior shell will be, with respect (g 
the shells situated below it, id the case of a particle 
placed at the surface of a hollow sphere, and it .will bck 
irith regard to the shells situated above it, in the case 
of a pafticle situated just within a hollow spherei 
whence we see that the action of the former shells 
will continue to solicit it to go farther from the centre^ 
^hile the action of the other shells to prevent it will be 
jevanescentt thus all the fluid which occupied the 
sphere at first will quit it; and it would diffuse itself 
Indefinitely in space, if it were not arrested in its pro« 
|;ress^by the contact of the surrounding air, which* 
Jpeing of ^n idio^ectric nature, will refuse to unite with 
.\ty and wi)l hold it applied and condensed^, about the 
tiudeir ttie form of a very thin envelope. 



Siric^ €He equilibridm tovAA not subsist priniaiily; if 
Caififot '^tablisb itself aftferwairds ; and hence ihiere is 
fl6t,- with Regard taa ff^ fluid appertaining tb a coii-i 
flii(iiiiig*body> any othei^ manner of distributing itself 
(hat aibcirds With th6 lavir df rdpiilsion of thei nloieculffi^ 
Cbaii that'cf diffosiorf'o^f Hie siirfiice of the bckly. 
- Expetinfents iiiay t>6 addtteed td suppbrt this theory; 
^b^ takd a hollbw ifaetairic sphere, in which' there i^ 
tMA&fL (Jircfilar orifice of 2 or' 3 centitaetres (al>bilt'4 of 
4 ttf an tvith) in bfeadfh,- and'lafter having placed it 
llffG^ an instilatdr; or insdlated stcfol, you makcf it ebni<& 
fiHiJhi^td with t, conductor which yoA cJleetrify;- Yod 
fHaj eveify to' avoid the duspiciod of favouring mor^ 
likj itft^idr surfAce j which diight not ^ acccifrding' to the 
tfeofy ^ td gi^e any sign of fel^tricity j es^Iish a conK 
ffiMnicatidh between that sdrface and the conductor; 
Maf in^ aftelfwards i^ithdrawn the sphete^ iaiMrays car- 
fidd upon its insulator^ you apply to a pbint of its ina- 
tef iaf sdrface a little cikx!Ie made bf a sh^t of nletal^ 
SfWl fiied at the igitremity of d long needle of giim-lacs 
Vdti pi^eseiit this circle to a veiy sensible eleetrometct 
^hich temains immoveabtei Theii yoii s.pply the 
Same circle i6 a point of the exteirioi' surfiice of the 
Sjpherej Und that circle presehted anew to the felecttt)- 
#lfeter, • prodtie^s therein a very rilanifest mbtion • and 
if thifj electrometer be alrefidy electrified, it yftWX indi- ^ 
•€ate art electricity in the little circle, of the same kind 
as that of the conductor which served to electrify the 

fephei^e. 

Yoii hiiist be careful to introduce the metallic circfe 
ihtb the sphere and to ^^4thdraw it as quickly as pos- 
liblcj and to make it pass thifough the middle of the 
•6'nfice* to prevent its taking up any portion of the 
'.feiectt-icity which is accumulated about the borders of 
that Orifice, It ilaay happen^ even with those pfecausi' 
llirtns, that this elefctrlcity may communicate one of the 
tbntrary species to the needle of gum-lac which re». 
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Biains insulatod with regard to the aperture, during th§ 
short period that the metallic circle is within the sphere* 
But we may assure ourselves that the. electricity iif 
question appertains to the gum-lac, because it con* 
tinues to be sensible to the electrometer when the mer 
tallic circle has been touched with the hand. . 

The point of the theory we have just been consider? 
ing, has become, in the hands of the celebrated Laplace^ 
the subject of an elegant application of the formula 
which that philosopher employed in determining the 
figure of the eartlu It consists in this, that the result 
given by a body of a spherical figure, is equally true 
for all the ellipsoids of- revolution; so that the electric 
fluid ought also to carry i*self entirely to the surface of 
such solids* The same calculus likewise leads to thi^ 
remarkable consequence, that the repulsive force^ of 
the tension of the fluid corresponding to the pole 
of the ellipsoid, is to that of the fluid which covers the 
equator, as the diameter of such equator is to th^ 
polar axis : whence it follows that if the ellipsoid be 
probate9 the tension will be stronger at the equator thai^ 
at the pqle. Biot has extended these results to aJ| 
sphejrpi^s differing but little from a sphere, whatever 
1)0 the irregularity of their figure*^. 

On the' Manner in which the Electric Flui4 
distributes itself aqnong Bodies in contact 
yf\\\i one another. 

396. In all that we have been saying we have ppfi- 
sidered tfaie body which was at first supposed filled with 

* See the accui^te exposition which this able geometer has pyen of the 
same results in the Xe^oiw de PEcok Nommle, new edit., vjol. VU. pa. 85. et 
^q. He has also elucidated the method of submitting them to the cal- 
JNiios in the BuUftin da Sciatett de la SockU PhUomaL 8 Plairial an. ix. pa. 
3l« et seq« 
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feJfcctHc fluid, as not cxefciHTig any attraction ujion ftlat 
flittdi either to prevent it from escapingi or afterwards 
lo balance the rflsistance opposed by the air to ils dis^ 
feipationi when it cn\-elopeH (he boiiy. This fcondiicts 
iiS to a new result which is closely connected with the 
preceding. We have said (187) timl every body posi 
SeSsCs, of \ht\fi a certain qniinlity of electric fluid^ 
Cottiposed of the vitreous and resinous fluids. This 
^ijihtilyj whibh depends upon the nature of the body-j 
feiHsiils as ihoitgh enchained in its intcrii^r, so long as 
the IwD fluids are, neutralistid one fay the other. But 
as Soon as they bccomediscngaged,tliey lose their tcii- 
B^iifcy to tiontiniie in the bodj', and only obey their 
tiiiltual repulsive force; How cOnic they afterwards 
■lb feilnite affcsli' The compound fluid which results 
tfom their assemblage re-enters the body, and £her6 
btcilnies fixed as brfoie. In like manner if a body 
ihoiilJ Ireceive besides aiJ additional portion of the vi- 
tlreous ot- resitloiis fluid; this will difl'use ilsdlf over the 
iiUriilicc of the body without penetrating to the interiorj 
alkl it is eveil held to this surface only by the intermc- 
dlalibri of the suhdUnding air which refuses to transmit 
Vt. We shall, wheti spcakingdf electricity in a vaCuumj 
tjite au experiment which confiniis this theory, 

39Ti Since the free electric fluid of a body dofis not 
&pp^ to have any affinity for it, it will b6 eqilally in^ 
differerit with regard to any body whatever : so that if 
\Vfe hiring an electrified conducting body into contact 
Mth ari'olhcr whicli is in the natural itatcj the part 
Wiiich the fo|-mer will cohimunicate to the latter of its 
ne^ fiilid will depend solely upon the form of the two 
bodice, ahd nOt at all iSprtn their nature. This has been 
[troved irt the most unequivocal manner by Coulomb, 
by the aid of the folloiVing experiment. Electrise the 
btass ball j.- (fig. Si.), placed as we have said (393) in 
Ihe glass cage A C D B ; and, after it has repelled the 
gilt 'circle a, atigmCiit the torsion by a cvrtain number 
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pf degrees, and determine the total torsion^ as well fg 
the resukin^ distance between the l^all x an4 the (at^^ 
Cr Immediately toiiph the brass ball by anQtbei: of tl^ 
s^^me diaaieter but of different matter, of pitb pf th§ 
plder tree, fpr example. As lioon as the latter 19 with-' 
dravrn th^ gilt pirple pl^es itself at a less distance fr^^ 
(he brass ba)l, which has lost a part of its fluid and f^ 
the same time of its repulsive force.* Slacken the (or^ 
l^ion till the circle is brought back to the same distjaoipPi 
and it will be found that^^ in tliis case, the torsion i^ j^ 
more than the half of that whiph it was the first titpp^ 
Therefore the {repulsive force is diminished a }|alf« 
Now the electrical auctions follow the direct ratfo pf 
tthe iQasses (which ^re herp the quaptitieif of the ^f^ic}}) 
and the inverse ratio of the squares of the (}lstai^es} 
and sinpe tl^e distanpes are eqi|al, those cjistances ^4 
simply as thje qiiantilies of (luid : whience it results that^ 
^n the sepond case, the copper ball possesses pnly |:i^ 
h^f of its fluid; so tl^t the p^rimftive quantity w^ 
(^ivided equally between this ball and that of eldi9r-pitb« 
because pf jLl^e equalif^y and similitude pf ^he ^wq 
)[>pdies.^ 

Thus, fn the communicatipn pf eliectripity, the sufc 
faces of bodies merely serve in soipe sort as receptac)e$ 
pf electf ic fluid, wbiph seems to exi^t there in a pas^y^ 
ptate, and to ren^ain only so long as fl^ere is riesistanpg 
from the surrounding air. Bi^t though the nature pf 
J^odies cpntributes nothing to the ratio according . f^ 
whiph the ^lecjLrif; fluid is distributed among the^, }p 
jii^a«nces the time whiph the separation requifres, ig 
such manner that the conducting faculties vary acpo^^^ 
11^ to the different qualities of the sul^stances. I^eta|$« 
jFor ipstanpe, tfafn^soHt (he fluid ipuch more rapidly tba^ 
|¥00(|l 8P94 paper; and in this respect^ as 1^ V^^f^ 
i^tbers, the mpde of actiop of the eleptrip 0uid ag^ 
prpacbps that pf calorip» If, therefore, an elpctiri^ 
ppncfiipting body.bfB jpu( ip poptact wjflj a second }}a^ 
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likewise a conductor, which is in its natural state, tliere 
will be a term, in the transmission of the fluid from one 
(o the other, beyond whicii the former will cease to 
communicate and the latter to receive ; and this limit 
will be more or less distant, according as the body that 
receives the fluid shall be more or less susceptible of 
conducting it. But the difference only aiTects the du- 
ration of the communication, which will always be 
made without any preference for one body rather than 
for another, as to the quantity of fluid communicated 
or received. 

398, It was natural, in proving experimentally this 
defect of affinity of ihe electric fluid with regard to 
difl^erent bodies, to select the most simple case, which 
is that where the bodies, being similar in their form, are 
moreover equal in surface. But Coulomb, after having 
established in this manner the principle under con- 
sideration, extended his researches to bodies whose 
surfaces were different, always supposing hoiv«ver that 
the shape was spherical. That the results at wliich he 
arrived maybe the better comprehended, it must be 
considered that when a globe which is in its natural 
state is brought into contact with another globe that is 
electrified, the first has scarcely attained the electric 
state itself when the two fluids exert one upon another 
fheir repulsive force, and impel each other mutually 
towards the parts opposite the point of contact, so that 
the electric density is nothing in that point and in the 
surrounding part to a certain distance. Afterwards 
when the globes are separated, their respective fluids 
diffuse themselves uniformly about. them, and the quan- 
tities of those fluids are found equal wlien the surfaces 
of the spheres are equal also.' But if the surfaces are 
unequal, in any given ratio, it then happens that the 
quantities of fluid vary in a different ratio which is les^ 
than that of the surfaces ; for those quantities are de- 
termined &oin the Conditions of equilibrium which shall 
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{leestalHisbed between the. forces of the tw^ fli4d$:| altb§ 
inoipent of contact; and jthts equilibriuqn requires )Lha^ 
|he rittio. between the quantity of ^i^id of (he sjn^W^ 
globe and that of the larger, shall so far surp^s ^b^( 
which exists between, the. surfaces, that its excess ^^^jf 
I^OQipeifsaite fpr what was }ost;.by th^ first glpbe^ oq 
account «f a less extended surface. .Thus Couloii){| 
bas ^scejrtaiued experimentally, that when the sju^ac§ 
of the stnaller globe was nearly ^ of ^hat of the l^jrgisr. 
i$s quantify of fluid was about tv > 

Fijom these Results it is jCfisy to determine the jaw pf 
yariatipn of tU^ electrip densities in bodies b^tw^eei^ 
>vh\ch the fluid was distributed, or, in other wprds^|:l}g 
quotieqts of the qu^ntijties of fluid divided by (he sgr* 
faces. Coulomb, has found that for two globes^ gne pf 
which remaii}s the same, while the other is chosen conr 
stantly smaller and smaller, the ratio between thepjle^y 
trie densities augments according to a progressi^^ 
whose successive terms are continually diminishing, 
and has for its hmit the ratio of 2 to 1 , in such manjjer 
thajt jn the case of th^t limit the second globe oiust.t^ 
jsupposediijfihjtely small fgj. 

(g) When the bodies did not diflfer'greatly in magnitude, he determiae^ 
^is by t^e immediate application of them t6 his electrometer (par. 898.^^ 
I^ut when one was extremely small in con^parison with the other, he firs^ 
decej:pij[ne4.the force of the large body^ and then touched it so or-40 .tiiQf^ 
with the small one, till the force of the large body ytras reduced to |, \, f 
fu. The g^ner^l result was^ that when the surfaces of the spheres hs^l 
the proportion expressed in the first column of the following table j thei^ 
the densjfty in the smaU one had the proportion expressed by the nurnJb^e^ 
of the second column, and never attained the magnitude 2. 

I. . . . ... . . ; K 

I . ^. • •. * • • • • • 'I 'pif • 

1« . . . . . . . 1-9. 

fi* . • ., I'fi^. 

Infinite . 3; 

Th|s I3 Yri^ly4if^nt from the piopOrtiOQS which obuin yrhfinfi^^ 
^Q spheres .coQimuotoate by very long ^lex^der canals ; which were fbuj^ 
j^tactly conformable to th^p detcnniQation? of ttie theory, and incteed ^ 
t^e ded^tions of Mr. Caven4ishin the Phil. Tians. £pr 177 1: b^t j§ 
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StpMsdl 1^011 the Mmefine, e c ci t ai p pun dbcr of pobo 
forared dieh with a dieet of metal (at ttn foiQ, sad iii 
fibfitiet one widi another ; and he mvest^afead the fanrs 
i c cowli ng to which die fluid woold fistribole itKlf 
amoi^ thoie fiflmnt hofiett to dMdicir iwpet dMNdd 
'^^ineqaiBbriou IfefattthotemidogredatnBny at 24 

gobetytB of equal d iam eter . It it eatjr to conodve at 
efir^tglanceythatytnpponi^attthemglohetdectri^ 
fiedy tiieie will be an equality b e i w e c n the teuiont cir 
liectrie densitiet of the two extrcoie' gkhet ; and that, 
in like! manner, thfe densitiet of any two globeSi equally 
flittant from the extremct are equal nsapectivdiy. Itb 
obrioot abo, that the density of each extrome jg;lobe 
Soght to be more conaideraUe dian that of die foUow^; 

^^OOvOflBDnB dP0nflMBKB QIC H8IOCS SOVCOCtt CftCl& OOlfiffft 8Bfl BBfl flD OCuCff 
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equal ^obofy some of Coulomb's expefiments and results arc as bek>«r. 

Heplaced tuo globes each of two inches diameter in a line with a glob^ 
of ci^t inchci diameter, the two smaller ones being in contact, andoae 
of them with the huger: he found that the quantity of electricity of tb^ 
smaller globe most distant from the greater, was to tHat of the nearest, as 
i-U to 1. 

Four ^obes of two inches being placed ia a row successrfely in coolact 
with each other and with a globe of eight inches diameter, the ratio of the 
quantities of electricity taken by the smaller globe &rthest from thelaiger^ 
and that which was nearest, was found to be S'40 to 1. 

Having placed 94 globes each of two inches diameter, in a like seiiib 
vnioL tlie larger globe. Coulomb compared the twenty-fourth little glob^ 
ibit is to say, the last in the row, with others in the same row, and these 

wreie the results: - - 

• . • • • .. — 

The electricity of the twenty^burth was to that of the twenty-third, as 
1*49 to 1 ; to that of the twelfth as i*7o to 1 ; to that of the tenth as 2*10 
to i ; and to tiiat of the first, which w^s in contact with the largtr globe* 
a 373 to 1. Lastly, the electricity of the twenty-fourth was to diat of dio 
jEifger^be, as StiO to 1. 

All these reiulu ^re fiorfectly consistent with the two principles, itai 
itie el^tiiic fluid does not penetrate bodies, but solely pervades their sur» 
4iat; and that the ilectrjiforcei m Hi th6 ihverse latio of <he squa^ (jf 

i&eait&ita^- li. ' -*' 
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kig ones^ since it alone sustains in eqiiilibrio all the 
others, while the second ^ for example, is aided by the 
first in balancing the actioti of all those which are be- 
hind it. Now, such is the law conformably to which 
tbe-^ensities decrease, estimating from the extreme 
globes, that the diminution is very rapid in regard to 
the globes near the extremes, as the second and third 
from each end, and that afterwards tlie densities dimi-* 
nish more and more slowly to the middle of the row, 
where the density is nothing. This inequality between 
the forces of the different globes is a consequence of 
the inverse ratio of the squares of the distances, which 
determines the quantity of fluid requisite for each 
globe, that its action may be in equilibrio with that of 
all the others. 

Coulomb has deduced from the preceding results, 
the mode in which the electric fluid is distributed over 
diffierent points of the surface of a cylinder. It varies 
from the extremity to the middle nearly in the same 
manner as upon a row of equal gldbes; and this re« 
semblance arises from the circumstance that the fluid i» 
disposed about dilferont globes under the form of zones, 
between the points of contact, after which the density 
is next to nothing unto a certain distance,, because of 
the great repulsive force acting at those places ; but» 
at the first and last globe the fluid envelopes the hemi* 
sphere opposite to the contact with the nearest globe : 
therefore, to complete the relation of the distribution of 
the fluid, to that which obtains upon the cylinder, the^ 
surface of this latter body may be considered as consti- 
tuted of a series of annular bands comprised between 
two hemispheres. 

In proportion as longer and more slender cylinders^ 
are employed, the electric density of the points situ- 
ated towards the extremities will augment with respect 
toxhat of the intermediate points : and. if we imagine a 
very thin cylinder to be fixed upon a larg^ electrified 
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globe, whose action will favour still more tlieauguienfa- 
tion of density which ought to have placo at the oppo- 
site extremity; then, since the forcB of the fluid si- 
tuated at this extremity must necessarily be in eqiiilibrio 
with that of all the rest of the fluid diffused both over 
tiie cylinder and over the globe, the density may be- 
come so considerable as to prevail over the resistance 
opposed by the air to the iraitsmission of electricity: 
it is from this consideration that Coulomb elucidates 
the influence of bodies terminated by points to trans- 
mit the electric fluid rapidly. The explanation we 
shall adopt because it is more ausceptible of being de- 
veloped by perspicuous reasoning, is only a different 
manner of conceiving the same combination of actions. 



The Law according to which Idio-Electric 
Bodies gradually lose their Electricity. 

400. There is, in the respects we have been consider- 
ing, a very complete difference between Idio-electrics, 
and conducting bodies. Wheii the natural fluid of the 
latter comes to be decomposed, by tlie action of causes 
of which we shall speak presently, its two principles 
immediately diffuse themselves over the exterior sur- 
face. We shall soon understand, on the contrary, that 
when the body is idio-electric, the two constituent prin- 
ciples remain in its interior, even after their disengage- 
ment, and distribute themselves, by contrary motions, 
in two opposite parts of such body. These motions, 
however, are not Oiccutcd without a certain difficulty, 
which is occasioned by llie resistance of the proper 
Hvoleculce of the bodyj so that when the cause which 
had decomposed tlio fluid ceases to act, the re-union 
of the two principles which brings back the body to 
the natural state, is only accomphshed, in Hke manner, 
with a certain tardiness. This resistance opposed by 
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an idioreleetric to die motion of the fluid witbia it ba^ 
been compared to friction^ and.it ha$ been denominated 
the coercive or - restraining force^ The efiects ctf. this 
force ate most remarkable in bodies which become 
electrised by heat^ as we shall see in the Sequel. 

It should be added ^ that what we have been sayings id 
on the supposition that the substance of. bodies exists 
in all its purity > unmixed with extranepus matter. , But 
it is most frequently found that some conducting mo- 
^eculae are interposed between the. idio-electric^mple- 
culae of bodies, in such manner that the effecte are 
always a little complicated of those of bodies of both 
species. 

401. We are now led to atiiempi an expositipti of 
Mother researches of Coulomb^ relative to an object very 
interesting to those who, having electrical experiment^ 
to make, are desirous to perform them wjith suitable 
precision. Physical experiments in general, that they 
may admit of comparison, should be referred to the 
point where all the circumstances are the same. If> 
for example, the temperature influences the results^ 
such influence is made to disappear, either oy itiain^ 
tuning a cpnstant degree of heat or of cold, or by 
paying accurate regard to the variation : in like man- 
ner, when we employ one electric. body successively to 
different results which we wish to compare with one 
another, .the state of that body should be considered as 
permanent; and as this is never the case, in reality^ 
because the body always loses a certain quantity of its 
electricity in the interval between one operation and 
another, it is necessary to investigate means of esti- 
inaUng this loss, and to modify the results accord- 
ingly- 

Now this loss arises from twp causes: one is the 

contact of the surrounding- air, which is always more 
or less charged with humid particles } the othet is due 
to the idio-electric supports which sustain the electri* 

3B2 
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fied body, and of wUdi the best cbosea never insobiCe 
perfecdjr. Coalomb hts been so snccessfiil as todis- 
tof^t the actions of those two causes^ thoi^ exerted 
mnhaneottsly, and to render experimeata independ- 
ent of ttehr variadoiis. 

. With respect to diatwlnch is occanoned by the air, he 
has found, by taking on one hand, tiie electric force lost 
by the body in a given time, such as 10 miiiiteSyand on 
the odier, tbe mean force resniting from tl^ difference 
betwten the forces at the commenceipent and at die 
end 6f the experiment, divided by the number of 
ifiSlitilSte, that die Atio between those two forces^ is 
constant for the same rate of the air ; which puts it in 
oiir power to compare togedi^ various results, from 
die mean forces answering to the diflferent dniatipns of 
the experiments. 

402. It remained to connder the loss tX electricity 
caused by supports. The experiments of Coulomb 
relative to dns point have shewn, that when die elec* 
trie density of the body is considerable, the diminntion 
produced by the air and the supports together follows 
a much more rapid progress than that which is due to 
die coiftact of the air alone ; but from the instant when 
the density becomes very weak, the influence of the 
support becomes nothing as to sense ; so that when a 
body is employed whose electric density at the be- 
ginning of the experiment is moderate, we tnay con- 
tent ourselves with paying attention to the loss occa- 
sioned by the contact of the air. 

But this kind of resistance of the support to the 
transmission of the electric fluid can only be regarded 
as absolute during a certain time, which generally suf- 
fices for experiments. In reality, there is no support 
so idio^lectric that its substance is not intermingled 
with conducting particles ; and it is in consequence of 
the slowness ^ith which the fluid leaps over the in- 
tervals between these latter molecules, that the electric 
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density of the body resting upQn the support ex{>t« 
riences only insensible losses in a space of time more ot 
less limited. Now, by giving more length tp the sup«i 
port we augment the number of intervals MrhiQh the^ 
fluid is obliged to run over before it arrives at the .sur* 
rounding bodies: whence it follows that, when tW^ 
is given the length of the support which insulates a$ 
completely as necessary a bo^y whose density is li^e« 
wise giverf, if we would employ another body charged^ 
more densely with a fluid, we may gbtain an insulapos^ 
as perfect as the former, by taking a proportionally, 
longer ^support. Coulomb has found diat| the state of 
the air being the same, the lengths of the support^ 
should be ^ the square of the electric densities. Thus^ 
for a second body whose electric density is double 
to that of the former, we must have a support four, 
times longer than that which would insulate the fir^t 
body* 
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403. Electric attractions and repulsions form one of 
the subjects, on which philosophers have been much 
occupied, and which have greatly embarrassed those 
who have attempted to refer to the action of a single 
fluid two diametrically opposite effects, and that often 
succeed one another very rapidly in the same body. 
But if we here admit the combined actions of two fluids, 
the theory attains so happy a amplicity, that the sole 
enm^ciatioA of the hypothesis seems to be an abridged 
explication of the phenomena. 

If we first su])pose two bodies which were electrised , 
each by an additive portion of vitreous or resinous 
electricity, which had been transmitted to it, we may 
immediately see what ought to happen ; since the prin- 
ciple that bodies animated w^ the same kind of eleio 
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tAcitj repel each another, while bodies solicited by dift 
ferent eleigtricities attract each another , is only the literal 
t\anslatioh^ i6 to speak^ of this other fundamental prinT 
piple fl)at thb pioie6viiBd of each of the constitnent fluids 
act one? ' upon aiiotber by reptiMve fdrcet, "while they 
iftxert attractive "ibrciA upon ^e ihoIecul» of the 6ther 
fliiid, 

404. Tlu^; however, reduhres some details, which 
will find thrir place in the account we are about to 
give of'tHe meahs that Inay be employed to piit the 
principle in practice. Let A, B, (fig. 37. PI. VL) 
be tliro balls of elder-j)ith- or any other con- 
ducting matter, suspended by threads at a small dis- 
tance from one another, and to which either' electri- 
city hats been commumcated. The fluids that envelope 
these balls yfiU repel each other mutually ;^a^ thdt 
moleculse would diffuse themselves into -space by con- 
trary motions, if the surrpui^ding air did not qonfine^ 
them about each body. They can, therefore, only 
slide over the surfaces of the bodies, in such manner^, 
for example, that the fluid of the body A being pushed 
back towards the posterior part rf, will exert its eflbrt 
upon the air itself bordering upon that point. The 
equilibrium being then broken between this air and 
that which is contiguous to the anterior part c, the 
latter will act by its elasticity upon the body A to im- 
pel it according to the direction ch ; the same reasoning 
applies in a contrary sense to the body B, whence we 
may infer that the fluids and the bodies being carried 
away by a common motion ought to fly asunder. 

405. Let us now conceive that one of the two bodies, 
A, for example, is solicited by vitreous electricity, 
while that of the body B is resinous. The fluids will 
then so attract one another that, in relation to the body 
A, which we shall continue to take for a term of com- 
parison, the ebbing of the fluid shall be made towards 
the anterior part c: the fluidj accumulated in tlift 
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place, will act therefore by repulsion upon the neigh* 
bouring air: whence it follows that the air contiguous to 
the posterior part d^ will impel the body accordihg to the 
direction d n. The same effect will have place in a con- 
trary direction with respect to the body b, and thus the 
fluids and the bodies are carried the one towards tho 
other. 

406. Now, that we may better comprehend the other 
cases in which there is a decomposition of the natural 
fluid of on^ or of both bodies, it is requisite first to con** 
sider the equilibrium of two bodies that are in their na- 
tural state. Let us denote these bodies by a and b, and 
limit ourselves to determining the manner in which A 
acts upon b, since all action is reciprocal. But the body 
A exeits upon the body b four different- actions, arising 
from the repukioBS of its two fluids against the homo- 
geneous fluids of B, and from their attractions upon the 
fluids of a different nature, and k is easy to, prove that 
the equilibrium depends upon the equajity of these fout 
actions. 

Let us denote by v the vitreous fluid of A, and its 
resinous fluid by r; hjv the vitreolis fluid of b, and it^ 
resinous fluid by r. From what we have been saying it 
2S manifest that, 1st, v attracts r; 2dly. r repels r; 
Sdly. R attracts v ; 4thly. v repels v. Now^ the two 
former forces are respectively equal ; for if r were more 
or less attracted by n than repelled by R, it would move> 
which is contrary to the hypothesis of equilibrium. The 
two .latter forces are also equal, for a similat* reason, 
namely, that x; is as QQuch attracted by r as it is repelled 
by V. 

Farther, the third force is equal to the first, that is, as 
much as v attracts r, so much r attracts v. For, on the one 
kand, the more attracted molecular r contains, or, which 
amounts to the same, the greater the mass of r, the more 
considei^ble is the effort with which it is carried towards 
v^ on the other hand, the more attracting moleculsp 1^ 
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contains, the more velocity has each particle of r to m*we 
towards v : therefore, the quantity of motion which mea- 
sures the total efloft with whicli *" is carried towards v, is 
represented by the product r x v. If we substitute v for r, 
and R for v, we may prove by means of analogous rea- 
soning, that the total effort with which i' is carried towards 
R is expressed by the product v x r. 

But, the fluids being neutralised one by the other in 
each body, it resuhs that the quantities of fluid v and w 
ore proportional to the quantities R and r : or, in other 
wovds, we have r x v= v x r. 

Now, since of the four forces we are here considering, 
ihree are equal respeaively, and, that there may be an 
equilibrium, it is evident the fourth force must be equal 
to each of the three others ; and it is in consequence of 
this equality between the four forces, that two bodies in 
the natural stale liave not any action upon one another. 

407, This being premised, let us imagine a conducting 
body A of a spherical form, to be electrified in virtue of 
an additive (Quantity of vitreous fluid which it has received, 
and a second spherical body B, likewise a ccmductor, but 
in its natund state. The vitreous fluid that surrounds i 
wilj exercise a repulsive force upon the fluid of the sams 
kind constituting part of the natural fluid of s, and an at- 
tractive force upon the resinous fluid, which is the other 
constituent principle of the same natural fluid. This 
latter fluid, therefore, will be decomposed in snch maa- 
ner that the particles of its resinous fluid will incline 
towards the part of b that is nearest to a, and those of the 
vitreous fluid wilt be driven towards the opposite part- 
These principles will at the same time issue out of ttje 
body p and diffuse themselves over its surface, in such 
manner that the fluid of resinous electricity will envelope 
the hemisphere turned towards a, and that of the vitreous 
electricity the hemisphere most remote from A. 

Now, if we here apply the same reasoning to the addi- 
tional fluid of A, as to that which makes part of its na- 
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I 
tural fluldt we shall conceive that at equal distances it 

wQuId exert upon the two fluids of b actions which woul4 
mutualij destroy one another. But, the distances in this 
case being not the same, the resinous fluid of b will b^ 
more attracted than the vitreous fluid} so that the two 
bodies, if they were freely suspended, would approach on^ 
towards another till they touched. Then, the additive 
quantity of the vitreous fluid of A uniting itself with.the 
resinous fluid spread over the surface of B, there iviH 
result from that union a certain quantity of natural fluid 
which will enter into B; and it is very obvious that among 
^e aggregate of fluids which would be found free at the 
moment of contact, there will remain a portion of vi^ 
treous fluid out of the state of combination. This portioa 
vrill distribute itself between the two bodies, according to 
a certain law which we mentioned^ in par. (398); and 
both bodies being thus found in the state of vitreous elec- 
tricity, will repel each other, as is shewn by experiment. 

The same reasoning may be applied, by a simple change 
of n;imes, to the case where the body a shall be charge^ 
by an additive quantity of resinous fluid. 

408. It appears from hence that it is not exactly true« 
as the partisans of Franklin at first thought, that a hodj 
brought to a certain state of electricity attract^ to it 
another body which is in its natural state. In 
this manner of conceiving the phenomenon, there is 
wanted an intermediate idea. The first body begins by 
making the other quit its natiual state : it renders it at- 
tractable, and then attracts it. 

409. It is now easy to conceive the effects of those 
jnetallic bells, which are struck alternately by a small 
globe likewise metallic, that serves for a clapper. Of the 
two neighbouring bells g and n (fig. 38.), one, as g^ com- 
mxmicates with the conductor by means of its chain of 
suspension G r ; the other bell n i^ suspended by a silken 
thread, and consequently is insulated with regard to the 
conductor, at the same time that it communicates with 
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the surrounding bodies iluough ihe inter mediatn of the 
chain n h. The metallic giobe d also is suspended by a 
silt thread. At ihe moment when the conductor is 
charged, the fluid, which we shall suppose to be that of 
vitreons electricitj-, communicates itself to the bell g : and 
immediately, (he globule d, attracted by that bell, pro- 
ceeds till it strikes it, when it is directly repelled, for the 
reason before stated. It would tend, therefore, already, 
in consequence of this repulsion alone, to app-oich the 
beli n : but there is a fanher solicitatioo on account of 
the electricity acquired, since the beil m is in the natural 
s'ate ; and lastly, the oscillatory motion favours still more 
the efiect. But as soon as the globulo is in contact with 
the bell », it yields its fluid, which is lost by discharging 
hiclf along the chain n h. Then the globule which, in 
virtue of the oscillatwy motion alone, will be approaching 
the bell .^, will be so attracted to it by the action of the 
elecirtc fluid diffused over the surf.ice of the belli so that 
the same causes recommencing tijeir action, the same 
eftectswill be repeated, and so on successively. 

410. If while the body A, of which we have spoken 
xbove (407), be still supposed a conductor, the body B be 
idio-electric, . then the e^cts wiU be the same until con- 
tact, with this difference, that the two fluids of b will 
remain accumulated in the interior of that body, the one 
towards the part nearest to A, the Other towards the Op- 
posite part. After the contact, the additional fluid of A 
not being able to penetrate the body s, to unite with 
that of a different kind which B contains, the attraction 
wtil subsist, and the two bodies will continue applied to 
one another. Thus, if you suspend a little gbbe of ser.t 
kig wax by a silk thread from a conductor \ at the mo- 
ment when that conductor shall be electrised, the globa 
will approach it until contact, and will no more quit it. 

411. We may devise other hypotheses, by supposing 
the states and the natures of the bodies A and B to vary, 
and shall obtain, upon each distinct supposition, results 
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analogous to the preceding. From the great variety of ' 
these results which might be exhibited^ we shall select 
•only one which will be useful as we proceed. Let us 
conceive that the two bodies A and b were idio-electric^ 
and that the natural fluid of each had been decomposed 
in its interior. Suppose^ moreover, these two bodies to 
be situated respectively with each other's sphere of activi- 
ty, in such manner that the part of A which contains the 
vitreous fluid shall be turned towards that of b which 
contains the resinous fluid. If each of the two fluids of 
A acted at the same distance upon either of t&e fluids of 
B| there would be an equilibrium between their actions. 
But as the vitreous fluid acts at a smaller distance, its 
force will prevail, so that we may consider A as a body 
acting solely in virtue of a quantity v of vitreous fluidj 
proportional to the difi^erence of the two actions. Hence 
}t is easy to infer that the resinous fluid of B, being, in its 
turn, nearer to the point where the action of v is con* 
sidered as residing, than the vitreous fluid of the same 
body B iSf the attraction of v upon the former will be 
stronger than its repulsion against the latter; whence it 
follows that the two bodies will approach one another* 
If, on the contrary, the two parts, which the bodies turn 
towards each-other, were animated by the same species of 
^ectricity, the bodies would fly firther asunder. 

412. Electric attractions and repulsions are presentedj 
la certain cases, under the appearance of an effect which 
would be due to the simultaneous action of two contrary 
icauses; and they are phenomena of this kind especially^ 
that have seduced the partisans of affluences and efflu- 
ences. Place light bodies, such as little bits of sheet cop- 
per, upon a conductor which is at first in the natural state^ 
and others beneath it at a small distance : at the moment 
when you electrify the conductor, the former will be re- 
pelled, while the latter will be attracted to be afterwards 
repelled in their turn. The first effect has been attri- 
buted to the effluent matter, and the second to the 
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affluent matter. Farther» it frequently happens that 
certain of these piecesji while they were attracted^ recoil 
suddenly before they have arrived at contact : this was 
supposed to be because they then had reached the jdaces 
where the two currents dashed against each other oa 
meeting. But the true explication of these phenomena, 
is presented^ as of itself^ from the principles we have 
established. The light bodies placed upon the conductor 
are repelled^ because it communicates to them a portion of 
its fluid. Those which were situated beneath it ezpe* 
fjence for the most part an attraction which carries them 
qn tiH the contact takes place, and to which a repulsicm 
cocceeds^ because the part of them that is turned towards 
the conductor, which was at first solicited by an electri«» 
cky contrary to its own, acquir^ one of the, same nature 
as soon as they had arrived at contact : and as to the little 
bodies which started back from the conductor before they 
Iiad touched it, their retrograde motion arises from this 
drcmnstance, that when the electricity is a little *strong^ 
there are always some jets of fluid which escape from the 
conductor through the surrounding air, and which incline 
in {X'eference to such bodies as, on account of being ter- 
minated by points or angles, are most proper to draw 
down the electric fluid, as we shall see in the sequel; so 
th^ they undergo beforehand the effect which should 
only take place at contact. 

413. We may here observe that the repulsicm of bodies 
vhich have been regarded as electrised negatively, has 
always been the rock on which theorists have split. It 
was hard to conceive why those bodies of which each 
had lost a part of its fluid should be compelled to remove 
farther asunder, while a superabundance of fluid produced 
precisely the same effect. Most philosophers who have 
attempted to resolve this difficulty have had recourse to 
the action of the surrounding air, which they explained 
by different kinds of mechanism that we shall not stop to 
describe. 
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Neverthelessi they all su^ested the notion that when, 
for example^ we have electrised, on the one hand, two pieces 
of resin, and on the other, two vitreous bodies^ by means 
ci friction, the mutual repulsion of the former and that of 
the latter were effects in some sort parallel, the causes of 
which must be sought in the bodies themselves. 

414. This leads us to a consideration which will com* 
plete our reasons for adopting the hypothesis in which dke 
electric fluid is considered as composed of two different 
fluids. So long as philosophers confined themselves ta 
employ in regard to electricity those methods which 
oidy approximated a little to the truth, and left to each 
individual the liberty of accommodating that which oc- 
curred in the phenomena to his own views of things^ all 
might be satisfied with a single fluid alone. But, that 
we may judge properly of those methods we must refer 
to the time when the celebrated ^pinus undertook to 
reduce the theory to precision and verity, and to exhibit 
it in a state to sustain the test of the modem calculus. 
He comn^enced with the principle that the moleculae of 
the electric fluid, which in this theory was considered as 
a simple being, repelled each other mutually, and might 
be attracted by all known bodies. Then, supposing two 
bodies a and b in the natural state, and consequently in 
electrical equilibrium, he first found that the real sub- 
stance of the body A, for example, attracted the electric 
fluid of B, while the fluids of the two bodies mutually 
repelled each other,, and he proved that the attraction 
was equal to the repulsion*. But farther, the electric 
fluid of A would attract, in its turn, the real matter of b, 
dnd this third acti6n was also equal to each of tlie two 
former. Now, since there was an equilibrium, it v. as ne- 
cessary to find somewhere a fourth force which should be 

• The reasoning which conducted him to this result was similar to that 
* wiiich Wc have employed (4o6) to demonstrate the equality of the actions 
fxercised upon one another by the fluids of two bodies in the natural 
state. 



^ I Br ft nc ii by JE(«iot0 iba mdksiiK e( bodies, hit 
fir Imtrtfaffimtta.z-fmftaimofitfXOiJMt * ttf 

fgi on this supposition c augments; therefore, iince in lllc naluia) «la,lc 
•I bodies ftn =:.q;; {• oand e? nugment equati]', sn<l consequently 

M g + Omrcnums = aj-|-M m, aa before, 
er in other wordi, ihe sum of the aitractions is still equal to that of the 
tepaUiaas. 

Sdly. Ifthc bodies a and v aie both elecEii^ed pasitivelj', Ihey ou^'hl la 
ftpel one another ; for. when a is elecitiaed positively, while t letains ili 
Batiud fluid, we hnvc 

M9+ttin = 0? + Mm, andijj* mj. 
But on Ifa= hypothesis before us where B is also clectriaed positi*ely, ;aug- 
nenls^ tberefoie g; augments in ■ gre'iLlcr ratio than m ; j and cop- 
■equeiitly 

tbal iijthesum oftheiipuliions prevails over ihar of iheatlracB'ons. 

3dly. If ihc body A be elccliiSed poaitively, and t negaliTcly, Ihef 
cnghl to atlrBct rath other : for, when A is electrified positively, while ■ 
lemains in iu nalumt state, vie have 

fcal since b is supposed negatively electrified, q diminishes i thcAfoie $f 
dimiaishia in 3 greater ratio than m ;, and hctice 
MS + C^'aT + wmi 
that ia, die )um of the attnctioiu. ezceedi the sum of the repulMmt. 

4(hly, Wheii the body a ia dectiiied negatively, b retaining its oatuia' 
(late, neither approaeha to, nor recedn from thcfonner! for, on thia 
tnpposilionadiiniiliihes; [berefbre, since in the natural state of both bodies 
S n ^ Q }, S M and 9 j here decrease by the same quantity j consequently, 

ot, the mm of the actiactiona equali that of the repulsions, and 00 motion 

Stbly. Two bodiea 4, and ■ electiiscd- negatively, ought to repel each 
other : for, a being electrised negatively while a renuins in itt natural state, 

M; + an = a!-|-M»t, andsj^ m;; 
bat en the present supposition j diminishes : therefore m ; decreases in a 
greater ratio than a j ; of consequence, 

MJ + fim < fiJ+Mm; 
that is, the sum of the repulsions surpasses iliat of the attractions, and the 
bodies mast fly farther asunder. 

Thus much may suffice for a geneial view of ^pinus'a theory. Those 
who wish 10 know more of it, ate referred to the Hon. Mr. Cavendish's 
paper in vol. c»i.of the Pkilraophkal Tyanmcliaiu, which its author intended 
as an extension and more accurate application of the principles laid dowa 
bjt^piniu. 
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))u]sion at a distance between the moleculos of two par- 
ticular fluids, which, like all others, repel one another 
near contact, than between all the solid bodies in nature. 
Indeed, the philosophers who explained all by a single 
fluid had themselves begun to think, that its moleculae 
repelled each other also, at a distance, from one sur- 
face to the other in the Leyden phial : and as what we 
denominate action at a distancey is, properly speakings 
only a fact on which we may found or rest a theory, 
without investigating the cause that furnishes the point 
of support^ it will suffice that the manner in which we 
conceive this fact may be adapted to our physics, and 
that all our hypotheses are connected together in out 
minds, in some such manner as the true causes whose 
results they enable ns to represent, are connected in 
the matchless designs of Supreme Wisdom. Lastly, 
the hypothesis of two fluids is the only one, hitherto 
proposed, which possesses with regard to the two 
species of electricity, the advantage of establishing an 
exact parity between the actions that produce pheno* 
mena which observation presents us under marks of • 
such strong resemblance^ and of referring the whole to 
explications, either of which is nothing else, so to speak, 
than the counter-test of the other^ 



The Influence of Points. 

415. The phenomenon now about to occupy our ata 
tention, and which has been denominated the ivfiuence 
^ points f is among those exhibited by electricity, one 
of the most remarkable, both in itself and in the useful 
applications it has suggested for the preservation of 

For oUier explications of electtic attractions and repulsions, the inqui^ 
tiVe reader may consult Cavalla's Treatise tntElectricHyt Tol. I. pa. 109, &e.» 
Priestley's Hist, of ElectrtcHy^ pa. 353, and Mem* ^^Jioy. Irish Acad, vol VXU 
pa. 139, &c. Tr. 
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e^ifioet^frcHoai die cxplottons of nalmal eleetikaty*. We 
iball cofififie ourselrct to a brief description^ iomI a coiv* 
eise sketch of the theory^ 

It SQUst flrpt be recofieoted tibat wh^iaa insulated 
V<i4y » which was preyiousl j in the mtotal state, ia 
iamA Qi^deifatelj near another body <Aasg|3d with 
titbejr kind of electricity ^ it becomes itsetf dedric, and 
^altiiEi iMcb manner that its part which is nearest to the 
seeend bo^ is always sdiciled by thecontrary eleetri-* 
^tf to Ibat of such body. Changes in Kke asaann^ 
occur in the state of a non-insulated Goodudiiig body^ 
when it m within the sphere of activity of an electrified 
body*. The lu^n of the latter attsactskitolbe anterior ' 
part of the noa4nsuIated body d» kind of dectricity 
difierent from its own, and repels into Ae posterior 
past the .elec^eity of the same natore»^ New, the 
second bodhjir adiang in its turn upon the feat, it tenda 
to at^rawt its electrici^^ and^tfais action is so . strong in 
eertain ciivunistances as to steal away tbeeleetviotty 
from the first body, even at a very sensible distance : 
this happens when a fine metallic point is presented to 
a charged conductor ; and it is singular to see a body^ 
whose action would seem to be proportional to its mi- 
nuteness, draw down so. powerfully the electridl^ ac- 
cumulated upon a considerable surface, and defeat 
almost entirely, in 4X moment,, all the efforts of the 
philosopher to cc^itinue the charge of the con^ 
due tor. 

416. Franklin is the first who observed this power 
of points, (t), and he thought he had happily explained 
it, from the comparison between a point aad a small, 
force, which can execute in detail and by reiterated 

(i) Although Dr. Franklin first observed and erinced the whole effect 
of pointed bodies, both in drawing and throwing off electricity at greater 
distances than other bodies could do it; yet he frankly acknowledges that 
the power of points to throw off the electric matter was communicated t» 
bim by his friend Mr. Thomas Hopkinson, Tr. 
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CLctIons> that of which a great force is incapable by a 
single action directed to the totality of the effect. But 
he afterwards suspected the accuracy of his explication, 
and he avowed his suspicion with that freedom and 
candour which is, with regard to true philosophers, 
another means of acquiring honour, in addition to that 
resulting from their discoveries*. 

Without dwelling upon explications already refutedy^ 
even by the partisans of those who were their original 
authors, we shall attempt to reconcile the fact under 
contemplation with the theory we have adopted. 

417. Observations evince that even a rounded body 
has a certain force to attract the fluid of an electrised 
conductor, since it will sometimes cause sparks to issue 
at the distance of more than a decimetre (nearly i 
inches). We have only, therefore, to shew that the 
force of a simple point is incomparably greater in pro* 
ducing the same effect. 

Let us first imagine a single needle a h (fig. 39. pi* 
VI), whose point a is turned towards a conductor c 
which we shall suppose charged with vitreous electri- 
city^ at the same time that its extremity b commu« 
nicates with the surrounding bodies. The action of the 
conductor will attract towards the point a the resinous 
fluid r which is disengaged from the natural fluid of the 
needle, and will repel towards the extremity h the vi- 
treous fluid V. Let us now suppose a second needle 
g d to be placed at a small distance from the former, and 

• Exper. and Observ. on Electricity, pa. 144. et scq. We see by ^ 
elucidation which this celebrated philosopher himself gives of his idea, 
' that it vvn suggested to him by the well-khown anecdote of Sertoriou^ 
who, in order to convince his soldiers that perseverance was more effica^' 
«ous than ardour and passion, gave orders to one man who was stout and 
vigorous, to piiU out, all at once, the tail of an old and meagre horse; and 
to another man who was inftrm and debilitated, to draw out, hair by hair, 
the tail of a young and robust horse. The latter accomplished, in time, 
the task assigned him : the efforts of the other answered no other end tham 
to excite the laughter of the spectators. Ibidr, pa. 1 63. 

c c 2 
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in a direction parallel to it, and let us conceive fot^ 9 
moment that the two needles have no action upon one 
another. The fluid v of the conductor will in like man- 
ner attract towards the point g a certain quantity of 
fluid r' equal to r, and arising from the decomposition 
of the natural fluid of the needle, while it will repel 
towards the opposite part d another quantity of fluid x/ 
' equal to th Then, re-establishing tlie action of the two 
needles with regard to each other, the fluids r and v 
will, by reason of their mutual attraction, tend to move, 
the one from a towards b^ the other from d towards g. 
So also, the reciprocal attraction of* the fluids r' and v 
will tend to bring, the one from g towards </, the other 
from b towards a. But these efliscts balance in part 
that of the conductor to attract towards tlie extremity 
of each needle the fluid of a nature contrary ta its 
own. 

The mutual action of the two needles will become 
still more sensible if they are brought nearer one to 
the other ; because it will be exercised at a less dis- 
tance, and according to less oblique directions. 

Instead of two needles let us next suppose a vpry 
great number to be united in a bundle, to form, as it 
were, but one boJy» They will act, in like manner, 
lip on each other to destroy in part the electric action 
from the conductor with respect to each of them ;, and 
that so much the more as their proximity will give 
them a great advantage relatively to the more remote 
position of the conductor, in consequence of the law of 
the inverse ratio of the squares of the distances, to which 
electric forces are subjected. Hence it results that th^ 
fluid of resinous electricity will be incomparably less 
condensed towards the extrenjity of the bundle of 
needles tlian it would be towards that of a single 
needle. 

But, each needle reacts upon the conductor whose * 
electricity it attracts; and that the force of the reaction 
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^ay produce the effect observed it is sufficient if the 
equilibrium between the tendency of electricity to 
escape from the conductor, and the resistance of the 
air, be destroyed in a single point. The reaction n^ 
question will therefore be much more efficacious oni he 
part of a single needle at whose extremity the resinous 
electricity is very much condensed, and all whose ac- 
tivity is directed towards one and the same point of 
the conductor, than on the part of a bundle of needles 
whose forces weaken one another, and are Qot sufl5< 
ciently concentrated ; and thus a single needfe will 
become capable of e>u;itiiYg a rapid efflux of electric 
fluid that will abandon the conductor to precipitate 
Hself upon the needle, which in its turn -will transmit 
it to the surrounding bodies ; after which it will im- 
mediately re-commence drawing down fresh fluid, if 
we continue to charge the cond uctor. 

Now, a rounded body may be compared to a bundle 
of -needles, which, exercises only a feeble action to de- 
prive the conductor of its electricity; while a body 
terminated by a point draws off that electricity very 
powerfully, by an action siniilar to that of the single 
^leedle of which we have been speaking, 

418. It has been observed also that a conductor 
whereon a needle has been fixed, presents in' some 
measure the inverse effect of the preceding. The 
electric fluid is, in this case, darted rapidly through the 
point of the needle in proportion as it arrives at the 
conductor. We may explain this effect in the same 
tnanner, by first supposing several needles attached to 
the conductor, and considering that the mutual re- 
pulsive forces of the portions of the fluids diffused 
through these needles, balances the action of the con- 
ductor to impel its own fluid towards their extremities. 
But we may substitute mentally, at any part whatever 
of a rounded conductor, a bundle of needles that act 
oipon^one another in the manner we have been de- 
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scribing. Now, -when a single needle projects oiil 
beyonil the others, which is similar to the case of a 
conductor terminated in a point, that isolated needla 
will be found freed from all the repulsive actions which 
Tcould be exerted upon it by the other neighbouring 
needlui, to hinder the conductor from repelhng a part 
of its proper fluid towardsi the extremity of the same 
needle; and as this part of the tiuid, which occupies 
only a very small surface, tends to condense itself there 
extremely, that it alone may maintain the equilibrium 
with all the rest of the fluid diffused about the con- 
ductor, its density will speedily become capable of 
overcoming the resistance of the air, and the fiuid will 
escape at that point in proportion as it shall be furnish- 
ed by the conductor. 

419. When a sharp body is electrified according to 
eilher manner, there is produced at its extremity a 
light which may he perceived when the observer is 
placed in a due degree of obscurity- But this light 
varies in its aspect, according to the nature of the elec- 
tricity actiag upon the pointed body. Let us suppose 
that a body of this shape is fixed upon a conductor 
electrised vitreously : in that case the vitreous fluid 
vill issue under the form of a beautiful luminous plume, 
wboRe rays will excite in the air a vibratory motion ac>r 
companied by a slight crackling noise.' If, on the 
contrary, the conductor be resinously electrified, wa* 
shall see merely a luminous point at the extremity of 
the pointed body, , 

420. The same diversity of effects will take place, in 
the case where the pointed body, being in communica- 
tion with the surrounding bodies, shail have its point 
turned towards an electrised conductor: the pointed 
body will give a plume, if the electricity be resinous, 
and a simple point of light, if it be vitreous. These 

-oflects may be obtained by presenting a metallic point 
|^^rnatply opposite to the hoo^, and to the exterior 
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forhiture of a Ley den phial, charged tQ the usual d«» 
gree, and suspended in the air by means of a sUkcotd : 
we shall see the luminous poi^at and the plumt succeed 
^each other, becoming continually less and less percep- 
tible, and at length disappearing at the moment v^hcn 
the phial, which in this case gradually discharged^ 1^ 
«elf, shall have re-assumed its naUvpJi.'^tstte. , /" * 

This experiment suggests, as^ mAilfest, a simple 
method of distinguishing the species of electricity with 
which a conductor is charged, by presenting to it a 
point at the diritance of some centimetres (less than half 
inches). We shall return in the sequel to the circum'- 
stances which 'may thus modify the aspect of the light 
inroduccd by the phenomena we have been speak- 
ing of. 

421. When we bring near to an electrified con* 
ductor another body of a conducting nature, but of a 
rounded form, or terminated by a knob, the action of 
the latter, much weaker than in the case of a point, is 
limited at first to the attracting into the anterior part 
of the conductor a new quantity of fluid, which is 
kept there by the resistance of the air ; this quantity 
augments, and at the same time the two parts of the 
bodies that are turned towards each other become 
more and more electrified in proportion as the distance 
between them diminishes ; and there is a term where 
the air yielding to the attraction that solicits the two 
fluids, they escape with a kind of explosion, to onitd 
with one another, and this explosion is accompanied 
by a vivid spark. 

All who have seen electric experiments know, that a 
man placed upon an insulated stool and put in com- 
munication with the prime conductor of the machine, 
becomes in his turn capable of emitting sparks and of 
exhibiting various other phenomena, first observed by 
Dufay, who could scarcely recover frtim the surprise 
iB^cit^d on perceiving that the power of produiifg 
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them, alrendy ko singular in the machine, had been 
transferred to the experimentEr himself. 

It is known also that, when a person presents to this 
electrified man a spoonful of alcohol shghtly heated, 
or of cold ether, the approach of his finger will give 
■birth at once to light and inflammation {k). 

422. One of tligkinost interesting experiments in 
connection with tffi faculty possessed by the electric 
fluid of kindling different bodies, is that which is made 
■ by means of an inslrnment invented by the celebrated 
Volta, and bearing the uamc of the Electi'ic pistol. It 
consists of abrass vessel in form of an oblong spheroid, 
which Is pierced awits two vertices. Into one of these 
orifices there is introduced a glass tube of exactly the 
same diameter, which on one side projects about a 

' centimetre (nearly 4 inches) beyond the vc-Wiel, and on 
the other, is prolonged inward nearly to the middle of 
the cavity of the vessel. This tube is traversed by a 
metallic' stem, whose superior part, which projects 
beyond the tube, carries a ball of the same metal, and 
Trhose inferior part exceeds also the prolongation of 
the tube within. The other aperture, which is much 
larger, serves to introduce into the vessel a mixture of 

' equal parts of inflammable gas and atmospheric air; 
■after which that aperture is closed with a cork. The 
■vessel is then taken into the hand by the middle of its 
convexity, and the metallic ball situated above die 
tube is presented to an electrised conductor, to extract 
a spark. The electric fluid being prevented by the 
tube from communicating with the vessel, passes along 
the stem which traverses that tube, and immediaielv 
the inflammable gas becomes enkindled, and issues 
with a smart explosion, driving before it the cork 
which is opf.oscu to its passage. 

<■« Manyrutious facw and obscrvH-. ions rekijvf, :,. the !u:iiiiious plie- 
nontcra of eleciiicity arc given in Kiihtr/inn\ Jo-.iinrJ, Niis. 50, ea, aiid.'^tt 
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423. We have seen that neither the vitreous nor thtj 
resinous electric fluid, in its free state, has any affinity 
for different bodies, or is retained at their surface 
otherwise than by the resistance of the surrounding 
air. This observation suffices to indicate that if the 
air which surrounds an electrified conductor be sup^ 
pressed, the fluid will be solicited by the mutual re* 
pulsive force of its molcculae to difluse itself in space ; 
and experience shews that this kind of efl*usion is al- 
ways accompanied by light. Having a long^glass 
tube terminated at one end by a brass ferule, and at 
the other by a cock which you open to prod ace a va- 
cuunv in the tube, and then exactly close it again ; you 
bring the ferule into contact with a conductor which is 
incessantly receiving fresh fluid by means of the elec- 
tric machine, and at the same time you hold the tube 
by the cock : you will then observe a stream of a pur- 
ple light to appear, which will 611 the tube, and re-f 
plenish itself continually. If you make use of the 
ferule as if to draw sparks from the conductor, the jet 
of light which, in this case, takes place by httle in- 
tervals, will become much more brilliant. We havgr 
sought to diversify the phenomenon, by modifying in 
various ways the apparatus destined to produce it, and 
have caused the fluid to assume the form of a cascade, 
a sheaf, a sun, &c., thus multiplying, with respect to 
the eye, the beautiful effects of these experiments, 
worthy of occupying one of the first ranks among those 
which are to be exhibited publicly. 

424. When the electric fluid has received a determi- 
nation to escape from a body, and to traverse the sur- 
rounding air, it frequently happens that an odour is 
diffused analogous to that of garlick or of phosphorus. 
This odour becomes especially perceptible w^ben we 
are near a luminous plume which is darted from a 
pointed body fixed upon the conductor of the ma- 
chine. 
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- 435. We are now arrived at the explication nf one 
of tlie mo^it important facts that has been discovered, 
festively to clectrii:ity : which is that knoftn under the 
name of the Leaden e.tperimeiit. Some attribute this 
discovery to Cunicus, and others to Muscheiibroek, who 
immediately imported it to Reaiimur(/). Never ditt 

{t) Dr Prieslley iffimu tl)« this diicoveiy was made bv Von Klfiti, 
dean of the caibciiral in Cimin, who, on thciih ofNovembec 1T43, lent 
■n «ccomit of it to Dr. Uebeiltuhn at Berlin : thtne, howevei, lo whom 

perimeiiu. So iliat the diicovery aiisined no celcbiity until M. CuTurus 
of hcyim, haiipcning to hold hii glus voul awtainlug water in oitir 
huid, com-nunicating vriih the prime conductoi by meanv oft wire; and 
with Ihe aihcr hand disengaging i< from the Cdnducior, wlien be supposed 
the water had received as much electricity B> the machine could give it, 
wa> saipriied by a sudden and unexpccleil shock in his arms and hmst. 
This experiment wai r>:pealcd, and ttie first accounts of it publisbed, in 
Hulhnd. hj M M. AlUmuMl and M>uch<nbrodi i br Nollet, and Mon- 
nier in Fnnce ; and by Gralalh and Kuggcr, in Germany, tiialaihcou- 
triied lo increase the strength of ihe shock, by altering the shape and 
msKninide oF the phial, as well as by charging several phials at Ihe same 
live, btming thus what ii now called the dWfric iatlrrj. Nollet waa th« 
Aral who Irted the cSecl of the electric shock on btule aninula, and be 
enlarged the circuit of its conveyance. Monnier is said to be ibe first 
who discovered Ihal the Leyd;n phial would retain its eteclticitya con- 
iiderabir time afler it was charged. Our countrymen Wilson, Canton, 
and Watson, added many imporianl facli to those niatle known by eipeif- 
ncnts with the phial ; some of them approaching nearly to the diacovcir 
of Ihe diferenl qualities of the eleclticily an (be contrary sides of the 
(lass, a lUsCOvery which was reserved ftir the ingenuity of franklin ; whose 
eluciittiion, rendered mote precise by jCpmus and Cavendish, is now gc 
ncralty receiveii M(. Cavendish also pointed out (he exact degree of ac- 
cumutalion aturnible by the phial, according to diHEcrenilawsof electric 

The Leyden gbiil remained tor some lime in the state in which accident 

had presented it ! the water contained in a veswl served tor the interior, 

' and the han^ for the exterior fumiture : but the dangers ta whichpersoni* 

ircrc eipiKcd io cipcrimenls of (his kind soon led to the lubstituooa pf 
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.d^e news of an extraordinary circumstance excite a 
more general sensation. There was scarcely a person 
vrho did not wish to electrify himself: it was the expression 
commonly adopted, and which has been perpetuated ; 
as if the singularity of the experiment had caused it to 
be forgotten that there were many other ways of elec- 
trising a body. Such was the universal interest, that 
the philosophers were every where obliged to display 
the uses of electrical machines ; and the multitude, 
for the first time, hasted to admire the wonders of phi* 
Ibsophy, instead of the delusions of empirics. 

Let us begin with shewing the ordinary method of 
fperforming the experiment. Suppose ag (fig. 40) to 
be a glass phial or jar, whose exterior surface is cover- 
led with a coating of tin foil to a certain height c rf. The 
interior is filled up to the same altitude with small bits 
of sheet lead, or of sheet copper. In the explanation we 
;shall give of the effects of the phial, we shall consider thi^ 
interior matter, as occupying the place of a coating 
similar to that which is applied to the exterior surface. 
The phial has a cork stopper traversed by a metallic 
stem a n, whose lower part communicates with that 
bodies that constitute the interior furniture of the jar, 

Another conducting body for the hand ; some mttal also wis substituted for 
the interior water, because that liquid by oscillating moistened the inneir 
Aur&ce, and established more or less the communication between the tw6 
«ur&ces. 

These phiate or jars are now made of various shapes and magnitudes : 
globular vessels with long narrow necks are best aiid most retentive ; but 
flA these are difficult to coat, thin cylindrical glass vessels are commonly 
used, in diameter about 4 inches, and in height 13 or 14 : they are coated 
lK>th within and on the outside, to about 3 or 3| inches from the orifice^ 
with tinfoil or some other substance electrifiable by communication. 
About 4 inches from each bottom within is a large cork, which receives a 
tliick wire, ending in several ramificatk>ns» that touch the inside coating : 
the upper extremity of this wire which may be either straight or curved, 
is terminated by a metallic knob, considerably above the orifice of the jar. 
These vessels are sometimes girded by a metallic ring, to which chains or 
^ds 9re atta^Md, for their mor» ooavenient suspension. Tit. 
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and who^ upper part, wliicli is lient sometlting like a 
sbcpherd's crook, is termiiwted by a metallic bail b. 
Take with one hand the phial by its bcitlom, anJ i'or a 
fell- momenta place tiie ball b in contact with the con- 
duclnr of an electrical machine in motion ; then with- 
draw the phial from the conductor, and touch the ball 
b w iih a finger of the other hand, or with any metallic 
body held in that haitd : immediately there \-\\\ be felt 
a more of less vn^eiit sbock ui the two arms, especially 
at the joints, and i>nmetimes even in the breast ^nd 
other parts of the body- * 

Franklin imaf^incd the daiise of the phenomenon we 
have bcx^n describing to cnsist in the accumulation of 
the electric fluid upon lite interior surface of the phial, 
ivhile an equal poriion of that upon its e:Kter)or iiurface 
was driven to the surrounding bodies by the repulsive 
power of the first iliiiil. It would hence result ihui the 
absnlnte quantity of electricity contained in the jar was 
the Siunc as before, llic e:fterior surface having lost as 
much fluid in the pussafie to the nejjative state, a« the 
interior surface had received from the conductor in the 
passa^ to the positive state. The discharge therefore 
took pjaceia consequence of a sudden restitution made, 
ifrom the interior to the exterior surface, of all the fluid 
which the former had more than the latter, by means of 
the communication established between the two sur- 
faces 

vEpiniis added to this elucidation a new degree of ' 
precision; and the principles we shall adopt frill be 
nearly the same as his, C'^cept that they are accommo- 
dated to the hypothesis of two fluids. 

426. Th^t we may ()l)tain a more distinct and per- 
spicuous notion of the manner in which the phial is 
charged, let us again contemplate thn c;ise where an 
uninsulated conducting body, in its niitural state, ap- 
proacljcs gradually towards the coiidu<-tor of a com- 
mon plateriKachiue, the plate being in motion (415;, 
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In this case the natural fluid of the first body is de-» 
composed^ and the vitreous fluid resulting from that 
decomposition is repelled into the surrounding bodies, 
while the resinous fluid is attracted towards the extre- 
mity that is nearest the conductor of the machine. 
The quantity of this fluid augments as the distance 
between the two bodies diminishes ; but its augmenta^ 
tion only Uikes place as far as a term but little distant^ 
where the reciprocal attraction between that fluid and 
the vitreous fluid furnished by the machine, becomes 
capable of surmounting the resistance of the air, and 
causes those fluids to escape in order to be united^ 
Let us now suppose that there is placed between the 
two bodies a plate of glass : this, being both sohd and 
impermeable to the electric fluid, opposes as it were 
an invincible obstacle to the reunion of the vitreous 
and resinous fluids, which, in the preceding case, would 
soon open themselves a passage through the moveable 
particles of the air. Nothing, however, will hinder 
our bringing both the conductor of tlie machine and 
the uninsulated body into contact with tlie faces of the 
glass plate, and this proximity will give place to a 
much more abundant disengagement of the two fluids, 
which besides cani>ot Ijecome united ; and if it be far- 
ther supposed that each face of the glass plate is coated 
with tinfoil, or a like sheeting of other metal, termi* 
ilktiilg at a certain distance from the edges, to prevent 
the comnmnication from one surface to the other, each, 
fluid will diffuse itself over the coating of its respective 
side; and this effect, due to the reciprocal attraction of 
'the two fluids, will go on increasing till it reaches a 
certain limit which we shall presently determine. 

Such, in general, is what occurs whtin we charge a 
Leyden phial. Thfs instrument is, in fact, only an 
intern>ediuni between two fluids, one vitreous supplied 
by the conductor, the other resinous furnished by the 
surrounding bodies, and whose developement^ far more 
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considerable than tbat which vould obtain without 
such intermedium, prepares a much stronger explo- 
sion, when those fluids afterwards become suddenly 
reunited at the insbint of the discharge. 

421. Now, to enter a httle more particularly into the 
explication of the phenomenon, let us conceive tbat 
AB (fig. 41) represents a segment of the glass plate 
that fonns the curve iurface of the phial coated in the 
usual way, inpl a portion of the metallic matter con- 
tiguous to the interior surface, and ox st a portion of 
the tinfoil that covei-s the exterior surface ; that d is a 
conductor constituting part of an electrical machine, 
its extremity touching the metal i», and lastly thatcA 
IB a chain or any other conducting substance adhering 
Wy one extremity to the metal o .v, while its opposite 
extremity communicates mtli tlie common reservoir. 

Let us suppose that the conductor d acquires, by 
the operation of the machine, a certain quantity of vi- 
treous fluid. As soon as tbat fluid begins todiffiise 
itself over the metal in, its action decomposes the na- 
tvral Quid of the chain and of all the surrounding 
bodies to which that action extends ; whence we may 
conclude, applying here the principles before laid down 
(426), that tbe surface Dxmust be charged with re- 
tinous fluid at the expense of the ch^n and the neigh- 
bouring bodies, while the vitreous fluid issuing from 
tbe combination is repelled in a direction contrary to 
' the motibn of the former. 

Let i/ be a paxticle of vitreous fluid which escapes 
along the chain : r the ftuantity of resinous fluid, 
which, at that instant, is spread over the surface fl;r; 
and V that of the vitreous fluid appertaining to die 
sur^e in. The particle x/ at the same time that it 
yields to the repulsive force of the fluid v, is <solicitcd 
,by the attraction of the fluid r which tends to ret^n it ; 
and Since the repulsion of v prevjuls, at the same time 
HaX it acta from a greater distance upon tbe particle i/. 
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we hence conclude that the quantity of yitreouff fluid 
contained in v is greater than the quantity of resinous 
fluid in R ; a more exact inference than in Franklin's 
theory (425), where it was supposed that the two 
surfaces were equally electrified^ the one positively, 
the other negatively. 

On the other hand, the moleculs composing the fluid 
R tend to separate in consequence of their mutual re- 
pulsive force. But this force is balanced by the at- 
traction of the moleculsB of the fluid v, which regain in 
point of number what they lose here also in regard ta 
the distance. The latter molecuhe are, in like manner, 
solicited to separate farther, by their mutual repulsion ; 
and this force cannot be entirely subdued by the at- 
traction of the fluid R, whose fluid is less, and which 
acts more remotely than the repulsion in question* 
Hence, thece will be a redundant portion of the fluid v, 
which will only be retained by the resistance of the sur- 
rounding air. 

We may therefore imagine that the fluid t is com- 
posed of a portion u, which is retained at the surface 
in by the attraction of r, and of anotheir portion u^ 
whose molecuke find no other obstacle to the efiect of 
their mutual repulsion than that arising from the re- 
sistance of the air *. 

If we continue to electrise the conductor d, the por- 
tion of fluid with which v is increased, will determine 
the decomposition of a new portion of natural fluid 
contained in the body communicating with ox; but at 
the same time the attraction of the fluid r, now become 
more abundant, will increase with regard to each new 
particle v' that tends to escape ; which will fender it 
JDecessary that the quantity u of vitreous fluid, em- 



* It 19 manliest that the quantity of fluid ^ will be always less than 
Ate quantity of fluid K, since the latter is less than that vrtiich is oompriied* 
^ 1 Of in V «-^¥. 
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ployed to compensate the distance, should augment dfl 
its side ; and there will be a term where the fluid a 
shall have no more than the force requisite to balance 
the resistance of the air» Beyond this limit, if the 
electrisation be pursued, all the fresh moleculae of fluid 
which the conductor d shall furnish, will escape in suc-l 
ce^ion ; in other words^ the glass plate will be found 
to have reached its point of saturation : for it is obvious 
enough that there will then be no longer any thing dis^ 
engaged from the bodies in communication withi^x; 
because^ as much as the force of v would act to repel^ 
for example, a particle of vitreous fluid that might 
issue from the combination, so much would the attract 
tion jof R tend to retain it* 

Things being in this state, you detach the chain ck\ 
and apply a finger lo the surface ox. Nothing new 
will happen on account of this contact : for you have 
only substituted your finger for the chain^ all whose 
parts were solicited, as we have remarked^ by forces 
which were in equilibrio. Then, remove the same 
finger to the surface in : in that case, the equilibrium 
will no longer obtain, since nothing balances the action 
of the portion of fluid w, which is merely retained by 
the resistance of the air. That redundant portion will 
therefore act upon the natural fluid of the finger, to 
decompose it; hence it will repel- the vitreous fluid of 
that finger towards the lov^-er parts, and unite itself 
with the resinous fluid, to recorapose the natural fluid 
lost in the surrounding bddies. 

As to the fluid u, it will continue to be kept upon the 
surface en, by the attraction of the fluid r, and the 
equilibrium will be re-established between the electric 
forces referred to the diflijrent points of that surface. 
But it w ill be broken at the surface o x^ because the 
portion of resinous electricity retained there by the 
attraction of the fluid ?/, which the finger has taken up, 
will be no more than by the adjacent air- If, there* 
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krtf you {)ring baek the fingej* towafds the surface ox^ 
there will be made a nbw decomposition of the fluid of 
that finger in a contr^-^eUse \ such that the vitreous 
part of the saifne fluid sl^all uiiite with that of the fluid R^ 
which was in excess. 

It is now easy to conceive that by applying successively 
the finger to the two faces, by which the equilibrium be- 
tween the electric forces will be alternately distuAed ill 
like manner, you by degrees accomplish the con^plete 
discharge of the phial ; that is, each of the two faces will 
be deprived of its excess of vitreous and tesinous eledri- 
tity, after which it will be found reduced to Its natural 
state. In such cases, it is observed that the re<«establish« 
ment of the equilibrium becomes sensible, each time, by 
a little spark which darts out between the finger and the 
surface touched. 

' But if, instead of thus discharging the glass plate by 
reiterated operations, you apply both hands at the same 
time to the two opposite faces of that plate, all the efi^cts 
which would succeed one another in thi^ former manner 
of operating, wUl here concur together ; so that the two 
faces will attract the fluids of different kinds, which con- 
stitute part of the natural fluid of the two arms, to com- 
bine with thosQ fluids, and repel lyith the same velocity 
the heterogeneous fluids of the one towards the other • 
and it is to this complication of eflects, which take place 
with great energy and in a manner instantaneously as to 
sense, that must be ascribed, in general, the strong shock 
sustained by those who make the experiment of the 
Leyden phial. This is a result of mechanics, if we limit 
the consideration to the forces on which the phenomenon 
depends : it is a double operation of analysis and synthesis, 
if we conceive those forces as existing in the agents sug- 
gested by a plausible theory. 

428. When a glass plate is discharged by repeated 
contacts in the way we have just been describing, the 
quantities of vitreous or resinous fluid taken up successively 

VOL.1. DD 
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firwi ddi wrfiKt t n or or, moft nteewrily dimiiusk 
firom ooe contact to the other. Btot having investigated, 
ky the dilcuhl^ the law of that diminution, was led to 
Ihk intetef tiQg result that the qtuintities of fluid ia 
question form a geometrical progression ^« 

iS9. What rendered the Le jdc^n experiment stiU more 
cmiom wat that it might be made upon a hrge society; 
•o that many hundreds of persona afi^ged in a semi^ 

* Xhe following demonscntioD of di^ittidt iiioelebRted author wis 
TfUuU t»€ommtmicste to vs. Let a (fig* 42. pi. VII) be tile sturfiM:cof tlir 
f iMf pl«te which commuiiiGMed with the condoctot, a that which com^ 
mmicaied with the earth s lemt dehoce by % the quanfiQr of titreous fluid 
whidi WIS aficumiifaue4 ^pon a at the moment when the pbte is insn* 
kitd, tiki bf e the qttahtity of resinoat fluid which was fticd upon 9, 
Thcfc Witt be hecwsei s and e a certain idatioA d e pen to g upon the 
IJ Hd t PCis of the ylaie ; this ratio will bt cnttstaht for the ssme plate, 
rittet if ft concesli §i k t will cofl^eal Artat the laroe dhtaace. Wg 
shall dierefMc have between e and t the equation e -f- *( a = •> n 
%thig a poritlvc constant <|iiaBthj lets thm tmlty* 

JUthcmom^whCtt Aistohchcd*a part of the ifnid wMch wsei there 
aecwnulatBd win run off into the cai«h| and diets wii ei^ lesBain th^ 
quantity that t can conceal at the same Aitance. Let a' be that quantity ^ 
Olen we shallhave the same relation between a' and e, as between eand s, 
which will gtYc %*-\-m€szo. The tension will then be on the side of 
the electricity e. If B be afterwards touched, there wilt remain a certahi 
quantity of electricity which we shall call e | the tensto wiU arise asatn 
on the other fsce, and we shall have s'-f* m a' =r o. 

By continuing to represent the cfiects of the different contacts, we shall 
find a series of equationis simibr to the preceding; and^ by combining 
Ihcm together, shall have, 

e 4* m a := •, 

t' + mt'szc, 
CM -f> m S "sz o, 

1 '"+me=»©, n being the number 0^ 
Contaots. Hence we deduce the two following systems of equations, each 
of which relates to one of the faces of the glass plate : 

e' = *i » E. e :=m*e, 

e"=»i»e'. e"=zm*e\ 

.li-f-i a ^ n 4-1 a 

The first system shews the quantities of flui J successively remainrn 
upon the face a, and the second those which remain upon the fece u. 
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ttrd^ were all struck at the same instant. Indeed it was 
•ocm resolved to extend still more the field of the ex^ 
perioaent) by causing to enter into the communioition^ 
independent of the numerous observer^! the water of a 
rirery long iron wires, aiid even portions of the earth. 
The French began this" extension, and caused the com* 
motion to rim over a space of two thousand toises, through 
which it was transmitted in a very sensible manner. The 
Eilglish went beyond even this result, and in one of their 



From these fonnuW we tnay calculate the quantities in question in 
linctions of i and f, and shall have 

t" m =s m* X. 4^' =mi * e. 

,'»+»-^« («+»).. e »+»«»."('•+'>« 

ItM ibmra ohtiomlj form geometrical progreniont. Tbeir diflbienofS 
WiU give the lones of fluid sustained successively by the two faecSf in 
Viitue of the repeated contacts : they will be expressed by 

«— e' = ( 1«— ma) '%. e — e' sr 0***»'4) •^ 

E'— E^= (1— in«>t'^ s. / -*c'»-;(i-.ni!i)mie. 

»• *-E "+*==(! -.««)in^*i. e^^-e'^^rsCl-^jm^e. 

And U will bt evident from a simple inspection of these formulae^ that 
fi» lones of fluid which obtidn relatively to each faoe> in proportion as 
tfat plate is discharged, follow in like manner ft decreasing geometricai 
Iprogression (370}. Hence, the smaller the quantity m is, the inore 
rapidly Will the quantities remaining of the fluid, and their corresponding 
losses, decrease ; so that after a small number of contacts they will bo- 
come insensible, and the plate will appear entirely discha/ged. As the 
talne of « depends upon the thickness of the glass, it is clear that a very 
thin glass will require more time to discharge it in this manner> than one 
that is thicker. 

Strictly speaking* it would require an infinite series of contactt to di^ 
idiaige the glass plate entirely : for, if we add together the formulae which 
exhibit the successive losses, and suppose them continued to infinity, wo 
Shall find for their sum, (1— m'2) % (l +m2-f m*+'»»^ + *c)- Now the 

series comprised between the last parenthesis has for its suih -~- — I 

whence it results that the aggregate of the losses relative to the fece a is s. 
And in like manner we shall find that the sum of the losses of the face b is 
represen^dby e. This, however, is a case purely mathematical; and it 
generally happens that after a certain number of contacts, the quanti^ of 
iloctncity ttiiNunH>( oeascs to be perceptible. 

DD2 
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dpeniMMs tKe jofashtj (for it is cne) of the eleetnf 
pfopeit^ «rj» four English miles. They attempted to 
jDeanue the velodtj of the commodon^ by a method 
aaakgOKS to that which has been emjdoyed to measure 
that of sound (350) : but the differeoce between die mo^ 
anent of departure and that of the return appeared to them 
inappreoaUe* 

490. If we would actuaUj make use of a phial to verify 
and render perceptiUe the explication which we have 
given of its efiSects (4'27)» on the supposition that it was 
discharged progressively by contacts repeated at the two 
surfaces 5 we should first dectrify it in the manner de- 
scribed! then cause to pass under, the hook m (fig. 40. pt« 
VL) a silk cord by means of which we could hold it sus* 
pended, or we would place it upon an insulator, after 
which we would touch alternately^ with ^ finger^ the ball 
b and the eicterioi" coating. 

431. If the phial wete Insulated whil6 the ball b was in 
contact with the conductor of the machine, it would not 
become changed, especially in the case when the surround- 
ing air was very dry. Yet its interior surface would 
receive from the conductor a small quantity of fluid ; 
whose repulsion bdng without eflTect upon the fluid of the 
same name, situated in the exterior coating, could not 
cause the latter to pass to the opposite state ; a circum-^ 
stance necessary in determining the charge of the phial. 

432. The thinner the phial,, cseteris paribus, the more 
powerfully it may be electrised. For, on one hand, the 
vitreous fluid of ilpn (fig. -41) acts with more energy 
ttpon that of the opposite part, because of a less distance 
between the two surfaces : on the other hand, the re- 
sinous fluid in the free state upon the plate otsxy being 
more abundant, becomes capable of maintaining by its at- 
traction a greater quantity of vitreous fluid in the plate 
Up n : whence it follows, that the point of saturation of 
the phial will be more elevated than if the glass had more 
thickness. In this case, the two quantities of fluid v and 



ft win differ less one from anddiery or, ^ii^ anp^ooMts to 
the same, the qnantity u which con^iensates what die 
force of the fluid Up n loses i& regard to the distance! 
will be smaller, smce the distance itself is found duninish-* 
ed ; in such manner that this quantity will become eran* 
escent when .the thickness of the glass is supposed infi* 
nitely small. 

433. As the glass is never perfectly ]ixq)ermeable to 
the electric fluid, there is always a certain portion of ti* 
treous or of resinous fluid which penetrates a little into 
the thickness of the phial, where it is, if we may so speak^ 
rammed in, during the process of electrisation. At the 
moment of the discharge this portion of fluid remains en* 
gaged in the glass, in consequence of the coercive force^ 
so that it communicates nothing to the effect then pro« 
duced. But afterwards its moleculae become disengaged 
from one another, and pass into the coating, where they 
cause a new disposition to give the shock, though in a 
much weaker degree than the first time. This is often 
remarked by those who have made the Leyden experi** 
ment, and think the phial entirely discharged ; but taking 
it again after a short interval, and applying anew the 
finger to the ball which terminates tljie hook, they are 
surprised at receiving a fresl^, shock ^ this may occur at 
several distant trials, .but by degrees always diminishing. 

434. When we would discharge the phial without any 
commotion, we use a brass bar efh (fig. 44«. pi* VII), bent 
into an arch and terminated.by two balls; this has re- 
ceived the name of exciter. We take hold of it near 
the party of its curvature, p(ace the ball h upon some 
point of the exterior coating of the phial, and then ap^ 
proach the ball e to that which t^minates the hook; thus 
producing with impunity the discbarge, accompanied by a 
strong spark. By a similar method we m^ enkindle 
cotton. To accomplish this, cover the ball h (fig. 40. pi. 
yi.) with a thin film of that substancef and then sprinkle 
)t pver with pounded resin; at the nfoment of the dis^ 
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dlargc dii ^ttk wSI occasion the inflaxnmation of tht 
cotton* 

Sometimes there is substituted for the phial a pane or 
sik|tiare of glass, coated on each hct with tinfoil, which 
does not extend to the ed^s of the glass, but leaves all 
round a space of about 54 miUknetres, or 2 inches, un« 
covered^ The square is laid flat upon a table, and there 
is interposed between the table and the inferior coating a 
email chain whose lower end reaches to the ground. By 
means of a metallic stem a communication is established 
between the superior coating and the conductor of th4 
machine. At the moment when the apparatus is strongly 
electrised, if the operator take in one hand the chain in 
contact with the inferior coating, and touch the superior 
coating with the other hand, he will receive a violent 
shock. But it is easy to avoid the shock, by u^ng an 
exciter to discharge the apparatus. - The square of glass 
ttnder consideration has received the names of the nmgi^ 
fone^ and iY^e fulminating square. 

435. Several jars may be charged at once by disposing 
them in the following manner. Suspend from the con- 
ductor of the machine a first jar under which is fixed 
a hook : make use of this hook to suspend a seccmd jar 
from the first : continue the scries by similar means, and 
suspend from the hook fixed under, the last jar a chain 
which communicatfjs with the ground. Afterwards when 
the plate of the machine is put in moticn, the vitreous 
fluid which accumulates upon the interior coating of the 
first jar will decompose the natural fluid of the exterior 
coating, and repel the vitreous part of that fluid to the" 
interior coating of the second jar ; and so on successively. 
Hence it results that all the surfaces are charged, one by 
th$ intervention of the other ; except the first, which 
l^ceives its* charge from the conductor, and the last, which 
l-eceives its from the surrounding bodies. If we detach 
the chain suspended und^r the last jar, we may distharge 
them ajl by repetitions, as we have explained in the case ci 
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ft single phial (4S7), cGiifining ourselves to tcmchm];: al« 
temat^ly first the knob which communicates with the in- 
terior furniture of the highest jar^ then the exterior coat* 
ing of the lowest *. We may also discharge the wholt 
of the jars^ at once, by receiving the shock* on the maiit 
taneous contact of both hands applied to the isame places. 
This method of charging several jars suspended one frdol 
another, is called the charge by cascade. 

* Biot has extended to the case we are now considering, the aatlysik 
which enabled him to determine the law regulating the losses of fLvoA 
sustained by the two surfaces of the same phiid, by successive contiett« 
In developing this new result he confined himself to the contemplatloii 
of die states of three glass plates (fig. 43. pi. VII. ) which communicafa 
fespie^tively, and which represent three jars disposed as we have deseribcdB 
These plates being considered as equal ia all rcspecttt wa shall fiiat have^ 

f-|Tii»a=:o. 

e^+«ii^ = #. 

e. 4-flf X. aio. 
a ■ 9 

But here there are particulv conditions \ namely, that e and t. mttlt 

from the decomposition of the natural fluid of t)M fiice B, and that la 
Uki manner e ^ and a ^ result from the decompOi{|ioa of i^tural fluid Sa 

the face it. Henct arisf two new equttiom to waHa widi tbt piact^tog ; 
Yj^hich are 

e^ + ij, = a. 

If while a* is insnlated^ the &ce a be touched, all the quantities of flaM 
WUI varji except # ; wlience« making use of the same letttfs^ wa shall 

have 

a*-}- 1» / := «. e'-f- a' sr 0. 

a'j+m/j=e, ^j + ^'j^o^ 

jlnd ao on for each contaet. 

TlM Impnkrrchitive to the first state of equilibrinm give. byeKnuqaikMif 
#-(-''* a = 0. a^— *wa=:p. 

fg + m^a^so. 

9b Ihat the quantities of concealed fluid upon each of the facet •> »% a% 
adqfenn to a deenaiiiig geometrical pfogicaiiODf It will be the sam« 
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. 4S6« Ffom the obsarvatioto that the effect of the di&« 

char|;e takes place with more energy, in proportion as the 

extent of the surfiices are augmented on which the two 

fluids accumulate, those powerful batteries have been con* 

trived which result from an assemUage of many jars that 

are made to aet all at once. By means of this apparatus, 

«n iron wire which is considered to make part of the ex* 

citcTj becomes incandescent, and is dispersed in an in£i« 

nite numl;>er of grains which are in the state of an oxyde* 

Place some leaf g(dd between two glasses which are strong** 

ly pressed one against the other, by means of a little 

wooden press ; one of the extremities of the leaf com<c 

snunica/ting with the exterior coating of the apparatus, and 

the other with one of the balls of the exciter. A bird^ 

placed in §uch a manner as to receive the shock, is struck 

dead. The spectator, startled at the violent explosion 

thus produced, is less surprised when he hears it said that 

the matter of electricity is the san^e as that of light* 

rung (w^. 

whatever be the number of plates in communication, and the last will* 
b^ much less charged than the first. This difference will be so much the 
greater, as m is less, and of consequence it will increase in proportion as 
the plates shall be thicjcer. 
By combining th^ formulx that relate to the ^rst contact wo shall haTQ 

And putting for e its value^ there results^ 



e' — rn^ E = o.' 
E* — m * E = «• 



Therefore, the quantity e', of fluid that remains upon the face a, aftef 
thfl first contact, is also much less than if there had been only a single 
plate. 

(m) There is nothing so formidable amongst an electric apparatus as 
the electric battery, which, as it is commonly constructed, differs from 
what M. Haiiy has described above : it consists of a number of Leydcn 
jaj-s connected together in a box. The ix)ttom of the box is covered with 
tinfQil : a hook projects on the outside of the box^ by which any substance 
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437- With regard to the effects which obtain ^hen a 
strong shock is exerted upon a very thin plate of metal, as 
in the experiment we have been citing, it would seem 
that their true cause is the expansive force of the electric 
fluid which acts to dilate the bodies, and separate their 
parades one from another. If the metal i? not oxydable 
immediately, the action of this expansive force is limited 
to the dispersion of the molecular. The elevation of tem- 
perature which, appears unexpectedly in this case, is pro- 
may be connected with the outside of the jars ; their insides are all coo* 
nected by wire or some metallic communication. By means of this, s 
great number of very surprising and interesting experiments may be per- 
formed : and though, when very large, it ought alwa3r8 to be used with 
caitttion, yet it cannot be said diat the apparatus of an electrician is com- 
plete without it. Its e^cts in rending vaiious bodies, in firing gunpow- 
der, in melting wird^, and in imitating all the effects of lightnings are 
highly curious and worthy of notice. 

A most compendious battery may be made according to the following 
directions of Professor Robison. " Choose some very fiat and thin panes 
of the best crown glass, coat a circle abed (fig: T. pi. VII.) in the middle 
of both surfaces^ so as to leave a svifHcient border uncoated for preventing a 
spontaneous discharge; let each of them have a narrow slip of tinfoil a 
readiing from the coating to the edge on one side, and a-timilar slip c 
leading to the opposite edge on the other side. Lay them en each other^ 
so that the slips of two adjoining plates may. coincide. Connect all the 
ends of these slips on one side together by a slip pf the same foil^ or a wire 
vrhich touches them all. Then, connecting one of these collecting slips 
with the primeicondactory and the other with the ground, we may charge 
an4 discharge the whole together. If the panes be round, or exact squaresy 
we may employ as few of them together as we please, by setting the whole 
in an open frame, like an old-fashioned plate-warmer ; and then turning 
the set which we would employ together at right angles to the rest. This 
evidently detaches the two parcels from each other. This battery may be 
varied in many ways ; and if the whole is always to be employed together, 
we may make it extremely retentive, by covering the uncoated border of 
the plate with melted pitch, and, while it is soft, pressing down its neigh- 
bour on it till the metallic coatings touch." 

On the same principle, another compendious battery may be made by 
alternate layers of tinfoil and hard varnish, or by aoating plates of very 
9)our and dry Muscovy gl^s. But these must be used with caution, lest 
they be burst by a spontaneous discharge : in which case we cannot dis- 
cover where the fbw has happened* They make a surprisin|; accumuU** 
tion^ without shewing any vivid ckotilcity, T%« 
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l»ablf occasioned by the circumstance that the parts which 
Are most dilated compress thosf which are dilated less % 
whence results a kind of condensation occ^oning a dis* 
engagement of heat ( 1 48). Beitholet und Charlesi having 
Caused powerful electric discbarges tp traverse a wire of 
platina, observed that sy^ wire hid merely acquired a 
degree of heat which they e^mated to be Hesirly equal to 
^tof boiling water, and whidi w»s, consequently^ far 
inferior to the he^it capable ci producing the fusion of the 
platina. If the m^al is susceptibly of an easy oxydation ; 
if,fc»*example> it bea wire of iron or of copper, th^separa« 
tioa of the moleculx, by diminishing their reeiprocal af« 
finityi disposes them to combine with the oxj^jm of thu 
surrounding air ; and it is then the ozydation itself that 
produces the high de^ee of heat to which the metial is 
fbuihd exposed *• 

4S8. Among the di^<^ent results that have tieen ob« 
tained by the aid of a violent electric explosion, there is 
one which has furnished to the partisans of Franklin's 
doctrine a specious ' objection to the hypothesis of two 
fluids : we will shew in what it consists. Let avi by cnd^ 
(fig. 45, pi. VIL) be two metallic conductors, one of 
which, 2s ambj commimicates with the interior surface 
of a battery, and the other, end, with its exterior sur- 
face. Suppose that there is placed between these two 
conductors a card, whose vertical projection is represent-r 
fed by G H, in such manner t|iat the conductor amb shall 
touch this c^d below, while the conductor end touches 
it above. If the battery be electrised in the usual way 
there will be a term where the two fluids will be found 
so accumulated in the conductors, that their mutual at- 
traction will give place to a spontaneous discharge of the 
battery. In this case the spark, commencing at the ex- 
tremity m of the conductor which is in the vitreous state^ 
will glide over the surface m t of the card, where it will 

* Statiquc Chimiquc, t. I, p. 20Q and afta. 



form a tfam of light} at the same faistant the card !• 
J>ierced in /, atid a luminous point is perceived at the ex« 
tremity n of the conductor end. This experiment ac« 
cordb very well with the supposition of a single fluid 
whkh» after being accumulated upon the interior surface 
of the battery, abandons it at the moment of the expto^ 
sion, andj precipitating itieit upon the conductor en 4^ 
goes to replace the fluid of which the exterior surface 
was deprived. 

They adduce, also, in favour of the same opinion the 
fUverdty of a$pects under which the light was presented 
which may be perceived at the extremity of a pointed 
body ntuated near an electrified conductor. When the 
plume appeared, the electric fluid issued from the point* 
ed body to yield itself to the conductor which was in the 
negative state ; and when on the contrary, only a lumi* 
nous point was seen, the fluid would escape from the con» 
lluctor electrified positively, and move tot^^rds the point 
whicbf being in the opposite state, would attract the 
fluid* Tremery, engineer of mines, a philosopher of di» 
stinguished merit, has, with a view of resolving these difl 
ficulties, devised a very admissible hypothesis, which he 
has confirmed by ingenious experiments *• According 
to his hypothesis, the coercive force of idio*electric 
bodi^, that is to say, the resistance they op]^sed to the 
motion of the electric fluid in their interior (400), could 
not be thesaine for both the vitreous and resinouis fluids, 
$o that it might easily happen that, in certain' bodieS) it 
shduld be incomparably greater with respect to one of 
the fluids than to the other. Atmospheric air might be 
}n this latter case, and might oppose a very great resisb* 
ance to the motion of the resinous fluid, while it would 
not resist with near the same force the motion of the vi» 
treous fluid. 

' According to this hypothesis, when the apparatus we 

Jxave been describing was employed, it would happen that 

* Juuroal dc PhTS. \ Florcal an. id, p. 957 et ^eq. 
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«t the moment of the discharge the vitreous flmd waolci 
issue from the conductor am 6, and go on to unite itsdf 
to the resinous fluid wluch might be kept about the con- 
ductor cndhj the coercive force of the air y and its pas* 
sage through the card should take ];^ace at the point / 
situated immediately beneath the point n : and this^ as wc; 
have seen^ is conformable to the experiment* 

Now, if by the effect of any caus^ whatev^, $Qch as 
one that should produce a change in the d^^^ty of the 
air, the coerpiire f<M-ce of this air for the resinous fluid 
might be diminished relatively to that which woukl oh** 
tain for the vitreous fluid, in such manner that the two 
Ibrces might, arrive at equality ; then the two fluids 
would at the moment of the discharge move one to- 
wards another, so that a luminous plume would be per-i 
oeived at the point of each conductcu*. 

Other suppositions may be made, conformably to which 
the coercive force for the vitreous fluid would in its turn 
predixninate over that which should take place with re- 
gard to the resinous fluid ; and if the former should 
become incomparably greater than the other, the iij^versq 
phenomenon of that which is observed in the ordinary 
case would be exhibited. 

To verify this theory Trernqry placed the apparatus re-^ 
presented ifr fig. 45, under the receiver of an air-pump, 
and exhausted it to the point where the pressure of the 
air. Indicated by a barometer gage, was no inore than \4f 
centimetres, or about 5 inches and 2 lines French. The 
apparatus being afterwards electrified, the explosion was 
mailc in such manner that the card was pierced at the 
point s^ situated nearly in the middle of the distance be-? 
tween the extremities m^ «, of the twp conductors. This 
very remarkable phenomenon indicated that, in con- 
sequence of the diminution the density of the air ha4 
undergone, the relation between its coercive forces, with 
respect to the two fluids, had so varied that they wer<j 
become perceptibly equal. 
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The ssioie pbilosopbef next permitted the* tur to l«» 
enter the i<eoeiver^ at diflfere/it operatkms, by small por^ 
tioms ; tiad he observed that every new degree of densi^ 
ptodlSiced a particular situation of the place where tbe 
card was piercedj such position being always between the 
nidxye s of the caid, and the extremity n of the resinoiis* 
iy electrised conductor. 

We may now see what occasions the difference between 
the two aspects under which the light presents itself that 
we perceive at the extremity of a pointed body, accord* 
ing to the diversity of circumstances, . If the pointed 
iiody be situated opposite a conductor charged with re- 
«nous fluid, the vitreous fluid of the former will be 
thrown off under the form of diverging rays, to proceed 
towards the conductor where the resinous fluid which. 
exerts its attraction upon it is kept by the coercive force 
ef die air. When, on the contrary, the conductor is 
electrised vitreously, its fluid will be attracted by the 
pointed body, and the re-union of that fluid wkh the 
resinous fluid, which only takes place at the extpemity of 
the same body, will produce the luminous point per^ 
ceived in that place. 



Description of some Particular Electrical 

Instruments. 

439. Philosophers have invented many kinds of instru« 
ments suited to various experiments, each of which has 
an especial object. Four of these instruments appear to 
us to merit particular explication. The first is the iE'/erc- 
tropAorusy so called, because it retains its electric virtue 
a long time. It is composed of a foot*plate or cake st 
(fig. 46) of resinous matter, upon which is placed a metal« 
lie disc agf attached by its middle to a glass cylinder m n. 
This disc being first separated firpm the xesin^ the latter is 
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tiectnflad by stritisg h with the sidn ^ a fiare «r 4 i^ad^^^ 
cnr othdr hairy animal ; the metallic disc is then applied 
upon the resiniandafingeris laid upon the same rtsinfiir 
a short interval This donei the finger is withdratwiit and 
the disc islift^ up hj means of the glass cylinder mn^ h^ 
tended to maintain the insulation* If we then present 
the finger, or an exciter, to the disc, we shall see a spark 
appear between them. By tegladng the disc upoa the 
tesin» without being obliged to electrise it afinecht and 
repeating the rest of the same process, we thall obtain 
Mw sparks whose force will not appear perceptibly di^ 
ftiinished i and if we make use of the hook of a Leyden 
1^1 to {MToduce those sparks^ it will soon beoomc 
charg^. 

. To explain these efiects it must be remarked tfaat^ at 
thesioment when the metallic disc is placed i^aa th£ 
feoc^cake st which has been electrified, the rennovt fluid 
^f that nke at^tarM to i^ the vitreous fluid of the metallic 
disc> wtucn, smce t cannot pass: nto: ne resm whose 
nature is idio-electric> remains upon the inferior surface 
of the disc. The resinous fluid of the latter is at th^ 
same time repelled towards the superior surface. But 
the disc, having here only its natural quantity of electric 
fluid, which alone is decomposed, its resinous fluid acts 
more powerfully upon the finger in contact with the disc, 
than the vitreous fluid which is at a greater distance (407)* 
Now this action is farther aided by that of the fluid of the 
same name which appertains to the resin ; and hence the 
vitreous fluid constituting part of the natural fluid con-^ 
tained in the finger will be attracted by the metallic disc, 
and will unite with the resinous fluid difiused over the 
upper surface. If, therefore, after having withdrawn the 
finger, the metallic disc be elevated, it will be found in 
the state of vitreous electricity; after which it is easy to 
comprehend all the rest. 

Commonly the cake of resinous mattef has for its sup^ 
port, (or,, as it is usually called, its sole) another metallic 
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disc upon which die resin was poured when it was in a 
state of fusion* The fluid that occupies the upper surface. 
of the caku acts also through its thickness upon the disc 
Ufhkh adheres td its lower surface. But we here pay no 
rtgard to this attion> because it is very weak ; and con*^ 
si«ler only the former^ which alone b directed towards the 
cflea proposed to be obtained. 

4Ml ^or the invention of the second instrumenty 
<alltd tbs Candeiuer^ we are indebted to the celebrated 
Voha. Its ttse is to render sensible the very small quao* 
dcies of dcctridtj furnished by the surrounding bodies^ 
\yf exciting them to accumulate upon the surface which 
it presents to their action. This instrument only difiers 
from the electrophorus in so far that for the cake dk 
resin there is substituted a body of that class which onlf 
insulates imperfectlyt and which holds the middle rank 
between conductors and idio-electrics ! such^ for example^ 
is white marble. Let us conceive that the disc^ being 
phctd upon m piece of that substance, receives by conn 
munication a weak degree of electricity which we shall 
suppose to be resinous. The fluid of this electricity will 
deconpose a little the natural fluid of the white marble^ 
repidKng the resinoos flnid downwards, and attracting the 
iritreons fluid upwards. The marble in its turn will act 
upon the disc, in virtue of its vitreous electricity^, whose 
£arce is exerted nearer^ to retun there the small portion 
of resinous electricky communicated. A second quantity 
«f fluid arriving at the metallic disc will decompose a new 
portion of natural fluidincluded in the marble, which on 
its side will acquire a fi'esh degree of attractive force, and 
so on successively. This, then, b what the marble per- 
ferau : it allows a certaiii play to the fluid which it contains, 
tomove there,sinceit is a semi-conductor ; but as it is also 
in part idio-electric, the resinous fluid of the disc which it 
attracts is ai^rested by the resistance it experiences at the 
place of coniicf , a resistance which is made by plane sum 
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faces whose figure is less accessory to the effect of ittraeN 
tion than that of curvilinear sur&ces/ The small quanta 
ties of electricity received successively by. the disc will 
therefore continue to accumulate there to the term whejti> 
after having lifted it up> if we present a finger to it^ we 
may draw off a m6re or less vivid spark («). 

441. The third instrument is the Electrometer of Ca^ 
Tallo. It consists of two balls of elder-pith of a very small 
diameter^ suspended by means of two hairs from a brass 
ball which rests upon the orifice of a kind of glass flask. 
A stick of sealing-wax electrified by friction is presented 
at a small distance &om the ball^ while a finger is applied 
upon that ball. Afterwards, the operator withdraws, first 
the finger, then the wax ; and it b easy to conceive, by a 
reasoning similar to that which we adopted relative to the 
dectrophorus (439)> that, all the apparatus being then 
diarged with vitreous electricity, ought to be repelled and 
to be kept separated firom one another. Every time the 
wax is presented afresh at a certain distance from the 
point of suspension, the balls will mutually approach^ 
because the wax brings back into the brass ball a part of 
the electricity from the pith ones. If the distance be di- 
minished it may happen that the balls, by losing all their 
additional fluid, will re-enter their natural state, and thus 
come to touch each other: then if you bring the stick of 
sealing-wax still nearer, the force of its resinous electricity, 
by causing a greater quantity of vitreous fluid to incline 
towards the point of suspension, will decompose the na- 
tural fluid of the balls, which shall hence pass to the state 
of resinous electricity, and repel one another again : so 

« 

(n) Volta invented three condensers, of which that abore described vrm 
the first in the erder of time. It is certainly an ingenious instrument; 
though we think neither its author nor any other person whose writings 
we have seen, has explained its operations by a very satisfactory theory- 
Mr. Cavallo has improved this condenser, by connecting the moveable 
plate, after removal, with a smaller condcmer. Tr» 
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that, to the eyes of those to whom this observation first 
occurred, without a clear insight into the theory, it ap- 
peared to contradict the former, where the wax, ' by ap- 
proaching the point of suspension, solicited the balls td 
move one towards the othir. 

442. This electrometer furnishes an -easy method of -de- 
termining the species of electricity of any bbdy what- 
ever. For example, in the case we have been' relatir^, 
all [bodies which shall have the electricity Vitreous will, if 
brought near the ball that terminates the^apparitus, aug- 
ment the separation between the tWo litde ball$ of elder- 
pith ; if, on the contrary^ tke body be 'bhat^g^sd' 'with're- 
sinous electricity, the' /first motion of- the baWs^iU*be ofie* 
of approach towards each 'Othfer. ■ ■■ ■ \ii:' i » ♦ 

If there be attached to' the metallic ball a rie^le 4ei^* 
minated hf a fine pointy and the apparatus b6 eit^sed at 
a window, during the time of a storm, the balls = will be 
seen frequently to start spontaneously asunder }^ and^ on* 
electrifying them by the process we have just pointed Out,' 
we may ascertain the species of electricity with which the 
air is animated (o). 

(o) Besides the above, a great variety of electrometers have been con- 
trived by difiereHt philosopheirs, to describe only a few of -ihe most inge. 
nious of which would lead us far beyond the limits of %■ note.: we must* 
therefore satisfy ourselves with referring the reader to other performaacei 
for farther information on this point. 

Mr. Cavallo has invented not merely one, but several electrometers for 
different purposes, descriptions of which' may be seen in his Treatise on 
Electricity, pa. S70, &c. Bennet's electrometer, which is a very delicaie 
one in its use and application, is described at pa. 345. vol. ii. of Nicholsons 
Natural Philosophy, A very valuable electrometer is described in No. 85. 
art. Electricity, Sup. Ency. Briton: and an improved discharging electro- 
meter, by A. W. Von Hauch, in the Philosophical Mastazine^ vol. iv. pa. 
207. Coulomb's accurate electrometer, which is adapted to ascertain 
the smallest quantities of electricity, is already described in par. 393, of 
this Treatise. For the measure of electric repulsions, it is undoubtedly 
superior to any instrument that has y^ t been invented ; but it can only be 
applied to attractions by a very circuitous method. Lastly, Mr. Cuth* 
bertson, an admirable artist in all machinery connected with electricity, 
has invented a eurious electrometer for measuring the charges of large 
batteries and jars t it in fact consists of Henley's ele^ti^meter, Lane's dis- 

VOL. I. %^ 
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. **S. If wp suppose that the effects of the condenser 
are combined with those of Cavallo's electrometer, we- 
shall ha\-« an idea of the fourth instrument, to whiirh 
Volta has assigned a deslinaiioii remarkable enough, by 
employing it to determine the efiects of Galvanic electri- 
city, of which we shall sptak in our second volume. The 
part of this instrument which performs tlie office of an 
electrometer is composed of two bits of straw or, o .f, 
(6fr. l"), which mnst be equal and quite straight. They 
are sitsptmded by means of two thin metallic wires ter- 
mitkaicd by hooks, which [Jay freely in twa tittle holes 
laade in the inferior extremity of a smaVI piece of metal, 
whose opposite extremity is soldered beneath the stopple 
of the jar /"A /v Above the same stopple is cemented a plate 
or disc of brass cd furnished below with a metallic wire 
terminated by a globule ff. To this disc has been g;iven 
the nza\e oi collfHiHg plalf, because its use is to gather 
together such small quantities of electric fluid as we wish 
to render sensible by their aceumnlation. This plate or 
t^le supports utother a b, to wliich is attached a glass cy- 
linder m n, and which communicates with the suROuad- 
ing bodies by qieans of a slip of metal ilif curved in such 
a nuumcr '^un tt does not come too near the collecting 
plate. Each pixte is varnished on the face that is in con- 
tact with tKe "other. The jar carries upon its exterior 
surface, a graduation tz, from which the separation of 
the two' straws according to lines such as op, u jr, may be- 
estimiited nearly; but which is not proper to give the 
measure of the electric force whence that separation re- 
sults : for> independently of the little precision 6i such a 
measure considered in itself, it is not in a constant rebtion 

cltaipng elcctrnmctcr consickiibly improved, and an impiovermnt of 
Brooke's iMelyard eleclromctct ; a »ery judicious cambination which 
p<«ie«sti Biany advanugei, Mr. Cuthbcrwon's own description of this 
rB^'nimcni, wiih an account of fome curious expetimcnls made witU 
batlcjifs by means of it, may be seen in vol. ii. of the quarto scries of the 
thUo-DpUealJauTTia!. Tn. 
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With the force, which follows the inverse ratio of the 
square of the distance, and whose action is altered in the 
present case by the effect of gravity, which solicits the 
straws in a <lirection contrary to that of the separation 
produced by the electricity. 

In proportion as the collecting plate shall receive suc- 
cessively, at the place of the globule g, small quantities 
of electric fluid, by the repeated contacts of the substance 
furnishing that fluid, which we shall suppose to be that 
of vitreous electricity, there will be made a decomposition 
of the natural fluid contained in the upper plate ab ; so 
that the resinous fluid atti-acted towards the collecting 
plate will be detained by the coats of varnish interposed 
between the two discs, while the vitreous fluid will escape 
by the metallic slip tly. After a certain number of con- 
facts the upper plate ab is lifted up, and immediately the 
straws separate from one another, when, to ascertain the 
species of electricity with which they are animated, and 
at the same time that which has been resigtied to the col- 
lectin^ plate, the means must be employed which we 
have pointed out while speaking of Cavallo's elec- 
trometer. 

In the instrument we have just been describing the 
collecting plate represents the metallic disc of the commpn 
condenser, and the superior plate produces the same effect 
as the piece of marble ; with this diflerence, that the 
fluids move freely therein, and that the obstacle which 
prevents one of them from passing into the collecting 
plate is an intermediary idio-electric substance. 

On Natural Electricity. / 

444. The analogy between the electric fluid and the 
matter of thunder had already been conjectured by dif- 
ferent philosophers, when Franklin, after having ascer- 
tained the influence of ppints, of which we have before 

£ £ 2 
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treated {ifl5\ proposed to set up in the air an irbn fdd 

« 

terminated by a sharp point, as a mean of verifying t^at 
analogy. ^Dalibard was one of the first who put the idea 
of Franklin into execution* He caused ta be constructed 
near Marly a cabin, above which was fixed an iron rod o£ 
13 metres or 40 French feet in length, insulated at the 
bottom. A thunder cloud having passed in the vicinity 
of tteit bar, it emitted sparks at the approach of the 
finger, and exhibited the effects of the usual ccmtactorst 
which we electrify by the help of our machines. 

445. Romas, Who cultivated natural philosophy at 
Lille, was afterwards impelled by his ardour and courage 
to the point of sending up to the cloud itself a paper -kite 
armed with a rod that terminated in a point. The cord 
of the kite was interlaced with a metallic wire to wkhin 
a certain distance of the point at which it was held, and 
0ie remainder Was a little silk cord destined to keep the 
apparatus insulated and to preserve the observer from the 
ex{dosion. He saw spontaneous jets of light issue from 
this apparatus, of 32 decimetres or 10 feet in length, and 
whose report was similar to that of a pistol. The dangers 
of all experiments of this kind are so evident, even sup- 
posing every precaution attended to, that they can only be 
midertaken by those in whom curiosity has vanquished 
fear. Several philosophers, tlirown down and injured by 
the shocks they received on drawing sparks from an ap- 
paratus communicating with the interior of their apart- 
ment, have repented of inviting so formidable a guest. 
The celebrated Richman, professor of Natural Philo- 
sophy at Petersburgh, . lost his life there in circumstances 
which seemed intended to make the lessoii more im- 
pressive. He was killed by the very apparatus which was 
meant to measure the force of the electricity of clouds. 

446. Franklin in suggesting and etFecting the bringing 
down of lightning from the clouds, proposed to himself 
an object more truly philosophical than that of merely 
making electrical experiments. He thought that if he 
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placed upon a building an iron rod terminated by a sharp 
point, and established a communication between that rod 
and the bosom of the earth, it might preserve the building 
from an explosion by draining off the fluid of the thunder 
clouds which passed in its neighbourhood. Pursuant to 
this idea, himself and others have constructed in various 
places instruments for this purpose ; instruments to which 
the French have given the name of Paratonna^res^ and 
the English, of Thunder-guardsy Thunder-rods, or Con- 
ducting-rods. 

Beyer, a French artist, advantageously known fgr the 
versatility of his talents, but who has especially directed 
his attention to the construction of thunder-guards, pro- 
posed to terminate the bar of such an instrument by a 
point of platina, that being a metal at once very unyielding 
and exempt from oxydation. He employs for conductors, 
1 kind of cords formed of iron wires plaited and coated 
40ver with a layer of grease. Such a cord is prolonged to 
the edge of a well, where it is attached to an iron rod whose 
inferior extremity is immersed in the water. The adop- 
tion of this conducting matter has the advantage of re- 
quiring much less time to establish the communication 
between the rod and the common reservoir, and to di- 
minish with regard to the edifice itself, the injuries and 
consequent repairs inseparable from an operation of this 
nature. 

447. Among philosophers some have considered the 
advantages of thunder-rods as incontestable \ while others 
have thought that their action must be too weak to protect 
the edifice which carries them : it k, say they, as if you 
would by means of a slender tube divert the stream of a 
jgreat river ready to overflow its banks. Some have even 
affirmed that thunder-rods were better calculated to pro- 
voke the descent of the lightning upon the building than 
to prevent it. But the utility of these instruments cannot 
^ell be doubted, especially since epsperience has taught 
us that an exjplosion, which otherwise appeared inevitable^ 
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hss been made upon the very point of a conducting rod, 
witliout causing the least damage to the edifice {p). Some 
years 3f;o there was presented to the French Academy of 
Sciences the rod of a Umnder-guard on which the light- 
ning had fallen, and wliose point was blunted and seetneJ 
to have been in a state of fusion. The electric fluid had 
followed the communication established between the iron 
rod and the bosom of the earth, and the house had been 
preserved untouched. 

When it is proposed to erect thunder-rods upon edi- 
fices of a tolerable extent, their number must be multi- 
plied. They ought not, however, to be too near one 
another, because in that case they would mutually weak- 
en each other's effectsj just, as we have seen (4I7) llial 
several points situated at small respective distances hinder 
one another from drawing off the electric fluid. On the 
other hand, they must be so near that their different 
spheres of activity shall not leave any intermediate space : 
now, we have concluded that ttie radius of such a sphere 
should be about 10 metres or 30 feet] and hence it 
would suffice if we allowed a distance of 20 metres or 
about 60 feet between one thunder-rod and another. 

It may be seen from what we have been saying, that 
the effect of the thunder-guard is not limited to the si- 
lently drawing down the electric fluid ; though its ser- 
vices even in this respect are not to be despised: but its 
decisive moment is that when, every thing utnounping 
an immediate explosion, it presents itself to receive it, 
and causes the fluid to pursue the route traced for it be^ 
forehand by the philosopher on the side of the ediSce, 
which is thus freed from the shock caused by the report. 

(p) II has been disputed whether conducting loils should be terminiled 
by points oi by fcncbs ; Bnd the dispute found lis way among the mcinberi 
of our Royal Scciety, where, being probably in lemiingled with personal 
snd political moiives, it led to topics which were for lonie time discussed 
ntlh awaimih unbecoming the votaries of genatne philosophy. Some ac- 
couni of thi> dispute may be seen under Ihe aFlicle Point, m Hiillun't 
Dklionarg, and THUxDin in At Sup. Enty. Briian. Tb. 
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448. Among the different ways in which the explosicxn; 
of Ugfatning may become fatal to those who are fotmd 
upon a spot of ground visked by a storm» there is one 
which at first view would seem inexplicable. It consists 
in this, that it is possible for a man or an animal situated 
far from the place where the Lightning fiashesy to be 
nevertheless exposed to great danger, or even to loss of 
life, in consequence of the expk>sio» ; and various exacm** 
pies of this secret action (if we may so call it) of lightning 
have been related. Lord Mahon, now Earl Stanhope, a 
learned En^sh philosopher, who in his Treatise on £lec* 
tricity has directed much of his attention; towards this 
singular effect, founds its explication upon a re-establi^-* 
ing of the equilibrium to which he has given the name of 
the rrturning stroke *, and which we shall proceed to 
elucidate, reducing to the theory of two fluids the point 
of view under which we shall contemplate it» 

Let « b (fig. 48) be the conductor of a common ma- 
chine whose parts are put into motion in the usual, way : 
iet us suppose that behind this conductor a second € d i& 
placed, insi^lated and at such a distance that it cannot 
draw any spark from the former r lastly, let us suppose a 
third conductor ef, not insulated, to be situated so near 
the second that when it is electrised the third shall draw 
off sparks* Of the two fluids which constitute the natu* 
rai fluid of rn^, that of the resinous electricity will remain 
in that body in virtue of the attraction exerted upon it 
by the vitreotss fluid of « 6; the other,, namely the fluid 
of the vitreous electricity, will be repelled into the body 
€^ which wili transmit it to the surrounding bodies, so 
that the conductor cd will be electrised resinously. If at 
this moment the conductor akbe discharged, the fbllow^^ 
ing i* J will rapidly retake its vitreous fluid which will be 
restored to it through the intervention of the conductor 
</*; stfid if we suppose instead of the conductor c rf, an 

^ Frinciflcs of Eiectiicity; 1 7ti . pa. «o, 7^ et seq. 
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insulated person who presents his hands at a suitable di- 
stance from the conductors ab, e/, the discharge will 
create between ef and the finger situated on the same 
side a very sharp spark, produced by the sudden re- 
entrance of the vitreous fluid which had issued from the 
body of the person. Among the difl'crent modes of 
proving the returning stroke pointed out by Ear! Stan- 
hope, we have chosen this, because it exhibits the case 
where the effect is most sensible. 

Now it may be conceived that If the electricity of the 
conductor ab were extremely powerful, the returninjr 
stroke would still obtain even in the supposition where 
nothing more was in presence of that conductor than the 
single body c d which was not insulated ; and such is the 
case which occurs in nature, when the shock is occasioned 
by a thunder cloud. 

4+9. Let N G (tig. 49, pi. VIII.) represent one of these 
tlouds strongly charged with vitreous electricity, and D a 
traxeller situated in the sphere of activity of that cloud. 
The vitreous fluid of the man will be driven into the 
earth by the repulsion of the fluid contained in that 
cloud> so that the traveller will be in a very decided 
state of resinous electricity. Just at this moment the 
presence of some terrestrial object c will cause the cloud 
to make an explosion : the vitreous fluid will then repass 
into the body of the traveller with a rapidity and an 
abundance proportional to the energy with which the 
electricity of the cloud acted, and the resulting shock 
may be sufficiently powerful to kill the unfortunate man ; 
at the same time it will be possible that men or animals 
at the places^/*, b, 8cc. which- would appear more exposed 
to the danger of the explosion, should not receive the 
slightest stroke (y). 



{tf) From the lime that Franklin drew down Ihe electric fluid from th« 
clouds, (for he not merely suggested but aromplislitd this, about the 
B^nie period uDalibatdiuidotheisBLicceedcil inthc aueinpt),,tlu tbundcr. 
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2. Electricity produced by Heat. 

450. Independently of all the phenomena which we 
have considered hitherto, and which appertain entirely to 

Uie lightning, and the rain of storms, have been regarded as electric pHo* 
nomena. But in the present state of philosophical knowledge, the vague 
explanations usually given upon these assumed principles cannot satisfy a 
philosopher ; besides that they are insufficient to account for those sod^ 
4en and in a manner instantaneous showers which characterise thunder 
storms. As it is not very probable that the electric fluid is the sole agent 
employed by nature in such storms, various attempts have been latelj 
made to trace the several causes which combine in their production. One 
of the most successful explorers of this region of physics appears to hmve 
been M. Libes, who is of opinion that the phenomena in question are oc- 
casioned by the combined influence of hydrogen, oxygen, and the electric 
spark. The train of his reasoning from acknowledged facts i;$ this : 

The torrrid zone is the ordinary theatre of thunder-storms; at 40 
or 50 degrees of latitude, they seldom occur out of the summer season; 
and near the poles they scarcely occur at all. The rain of the storm is 
accompanied by lightning ; and preceded ^y a period of heat which greats 
ly facilitates the decomposition of water : there must therefore be a great 
quantity of disengaged hydrogen, whibh Is^ raised into the superior parts of 
the atmosphere ; and this hydrogeiit wfien passing into the gaseous state, 
carries with it a great quantity of electricity. Now it cannot be doubted 
that lightning is produced by the electric fluid. But as to the rain which 
is formed at the moment when the lig)^tning traverses the air, it can only 
arise from two causes : either from the s.udden precipitation of the water 
which was dispersed in the atmosphere; or from a combination of the 
czy^ea and hydrogen gas occasioned by the electric spark. L.ibes cond- 
ders these two effects separately. The rain of a storm he remarks takes 
I'lace very frequently without there having been previously any doud to 
disturb the transparency of the atmosphere ; yet it cannot be supposed 
that the water, -which is in very small quantity, and perfectly dirsolved in 
the air, can be so precipitated at once as to form an abundant raiu. Hence 
he recurs, on the contrary, to the electric spark, which in its passage, ef- 
fected with an inconceivable mpidity, meets with mixmres of oxygen and 
hydrogen gas, the combination of whose bases becomes effected and gives 
birth to violent explosions, as well as to a quantity of rain proportional to 
the quantiQ^ of aeriform fluids tl^t have served to produce the shower. 
This hypothesis ocplains very well, how there may be lightning witliout 
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natunl philosophy, there are several which are stiaretl 

between physics and natural history. We shall at presenS 
te&aiii frum speaking of th^ electricity produced by the 
torpedo and some other fishes, which contain u particular 
organ, wherein resides the faaihy of exciting nwxions anti 
producing a phenomenon similar to that of the Leyden. 
phial. This subject will be better placed in that pan of 
the work where we shall treat of the influence of Gal- 
vanism upon the animal economy. The only topic we 
mean to consider here is the electric virtue 3ei.]uired by 
certain minerals through the influence of heat, whith in 
this case produces the same effect as friction does ujion 
•rdinary idio-electrtc bodies. This point of physical mi- 
neralogy is so much the more interesting as ihe distribu- 
lion of the electric matter in the minerals wc are speaking 
vf, has a very great analogy with that of the magnetic mat- 
ler in iron in the loadstone state ; in such manner that 
these minerals offer the true term of comparison between 
electricity and magnetism. 

451. Each of the minerals in t|uestion has always at 
least ttro points, of which one is the seat of vitrcousy the 
other that of resinous electricity. To these points, which 
sre aiwiys situated in tw* oppoute parts of the iameral» 

riniiKlcr, ihoogh there nuy t» rtam/f cloudi in the lir ; and nhf there 
•hoblil be (nany-thundeT iiorDU In hot cnuniriei, vhile ihere ire but lew 
jR <oU •«», whcK ' Ihe production of hydnigeii gai a Tciy trifling : ii is 
Bcnuc-pciftctJrcaniiiMnt with tibei's theof]P of [be laroo. bajcalis de- 
Mrib*d:tii aole (p) pBt. eiB, vol. iL 

The sitbpct of NiLural Qeclriciir bu htcn panaett mach brthcr \^ 
aennf authnn ihan by M. Haiiy -- ibe InqDisitivc reader may conialt 
gimUial iMm, Ptrt..na~tain dtlT EOeOrkasmio, PriaSifi Hutory if 
Bttelatiif, ihc aiticle Thun<lcr in the SappltmenI to Hit Eneg. Btilaa., and, 
br an inc^rcsting statement of hen aoA initrcncrs reluiie to fieiy me- 
IMns, ihMlmgilan, Ac., a paper by S4r Cha[1« Blagd^n in the 74th vol. 
•f the. PhiLiuplikat'l'iainiicliaiu. Sottm pMloeophcri have dedtieedi from 
Aifir reieaichei iKo this «ubjrct, ■ comfanttifcly simple pBcaw (oi diui- 
fUiogslDcnn, by the esplodin( nf gunporder, the cambuition of lesinous- 
waias, &c. which has been Nmelimo emplsyed nilh success. Sec 
Mag. Eat^hftdi^,ioi lUi^iom.]). oii4iLAfagrajnr,No. los. Tn. 
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we shall give the name of electric poles. To distinguish 
these poles one from the other, a very simple apparatitt 
may. be adopted^ the description of which follows* It con- 
sists of a needle m n (fig. 50) of silver or of brass, ter- 
minated by two globules, and moveable upon a pivot 
which forms the upper part of a stem c a of the same 
metal* This stem with the needle are insulated by placing 
them upon a cylindrical support s of resin. ,Then place 
a finger of the left hand upon the shield or lump that 
terminates the stem at bottom, and taking into the right 
hand a stick g of gum lac or of sealing wax which has 
been rubbed, present it, during a second or two, at a 
small distance from the stem acy then withdraw first the ^ 
finger, afterwards the stick g. Thus will the needle be 
found electrised resinously ; in such manner that, acODfrd^ 
ing as we bring near to one of the globules 7n, 7?, the re* 
sinous or the vitreous pole of a mineral electrised byheatj 
the globule is attracted or repelled. The reason of the 
process employed to electrise the needle may be compre* 
hended, by applying here what we have said of the inan^ 
ner in which the same effect is produced, in relation to 
the electrometer of Cavallo (44 1 ). The electricity of the 
needle will be preserved a quarter of an hour or more; 
and we may, while generating it, render it either very 
sensible or very weak, (according as it may be required 
for the experiment proposed) by varying the distance 
between the stem a c and the stick of lac or of wax. 

452. Let us commence with the example of the stone 
called tourmalin^ being the first in which the properly of 
becoming electric by heat was traced, and which crystal- 
^ses in prisms usually of nine plane sides, terminated by 
summits with three, six, nine, or, more faces. When this: 
stone is at the ordinary temperature, it is only susceptible 
of being electrified by friction, and in that case the part 
rubbed always acquires vitreous electricity, like what ob* 
tains for all bodies of a vitreous nature. But if a tourr 
^lalin be exposed for a short time to the action of fire^ 



bolding It widi pincers by the middle of the prism ; and 
if it* two extremities be afterwards presented alternately 
to the little globe m or », we shall observe that the one 
attracts and the other repels that globe, from which we 
may ascertain ihe poles wherein the respective electri- 
cities reside. Now it may be conceived that the tour- 
malin, having only its natural quantity of fluid, which is 
alone decomposed, if irs vitreous pole is turned towards 
the globule, it will be in tUe same case as if it were soli- 
cited siii(;ly by a quantity of vitreous fluid whose force was 
equal to the diflerence between the forces of its two poles, 
arising from the different distances at which they act : 
tberefore the globule will be repelied. Similar reasoning 
will prove that, on the contrary, attraction ought to be 
evinced, if the tourmalin is presented to the globule by its 
cesinons pole. 

But if the needle m n were not insulated, it is easy tcr 
conceive that the presence of either of the poles of the 
lourmalin would generate, in the globule nearest to that 
pele> an electricity contrary to its own ( whence it follows 
that the gk^ule would> in this case, be constantly at- 
tracted. 

45S. If one of the poles of the tourmalin be presented 
to light bodies, such as grains of ashes, or sawdust, each 
pram, becoming in like manner a little electric body, 
whose part turned towards the pole which acts upon it has 
acquired a contrary electricity to that of suc^ pole, will 
be earned towards t^e tourmalin. Having arrived at 
contact, it will generally remain applied there ; for the 
fluid of the tourmalin, which is a non-conducting body, 
not being able to communicate itself to the hght body, 
all will ccmtinue in the same state as before. It often 
«iough happens, however, that some of these grains are 
repelled as soon as they have touched the stone. Tliis 
effect obtains when the minute body has met witli some 
foTuginous or other conducting moteculx, situated au the 
surface of the tourmalin. In such case, if it be supposed 
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for example that this molecule possessed the resinous 
tlectricity, a portion of its fluid will pass to the contiguous 
part of the little body^ which is occupied by the vitreous 
fluid, and will unit« itself with that fluid, on neutralising 
k. Then the resinous fluid which enveloped the other 
part of the little body finding itself in excesSi that body 
will be entirely in the resinous state; whence it must 
follow^ that the coxfducting moleculei which is in a simi- 
lar statef will repel it. Hence we see in what manner 
those authors must be understood who assert, that the 
tourmalin attracted and repelled indiderently by its 
two endsj without producing those constant effects of 
attraction on one side, and repulsion ori the other, which 
we have ascribed to it. These latter effects only take 
place with a tourmalin placed opposite a body which is 
already itself in a. certain state of electricity. The othersj 
which are. variable, have respect to the case where the 
bodies on which the tourmalin acts were previously in 
their natural state. 

454*« In a tourmalin the electric densities diminish ra- 
pidly in departing from the extremities, so that they are ncv 
thing, or next to nothing, in a sensible space situated to- 
wards the middle of the prism: of consequence, the centres 
of action are situated near the extremities. This distribu- 
tion is analogous to that of the electric fluid diffused 
about a cylinder, as we have represented it in a former 
paragraph (399). It may be rendered perceptible to a 
ceruin degree, by moving a tourmalin to and fro that has 
one of Its faces opposite one of the globules of the 
little needle: we shall observe that this globule has a 
marked tendency towards one point o£ the stone ; but 
when it corresponds with the mean part, so that the two 
centres of action are eacii equally remote from it, we shall 
not find any motion, except a mere fluttering, given to the 
globule. 

455* Let T (fig. 5 1 ) be a tourmalin having its centre of 
resinous action placed at a, and its centre of vitreous action 
at a. Take a stick of sealing-wax j^t (he end of wjuch 
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there is fixed a silk thread of about a cenrimctrc, or four 
and a half lines, in length, by heating the wax at that end 
and inserting one extremity of the thread in the part thus 
melted. If afler having rubbed the sealing-wax, in 
whicli case the free extremity of the thread will acquire re- 
sinous electricity, that same extremity be brought in pre- 
sence of the point R of the tourmalin, and if at the same 
time the latter be made to receive little alternate motions 
from right to left, iitid reciprocally, the thread will be seen 
to bend itself in a contrary direction, to avoid the point r ; 
and if the sti«k be brought a little nearer the tourmalui» 
the thread will incline all at once, by a curvilinear motion^ 
towards the point a. If we afterwards present to the 
thread the points situated a little beyond .*, and all tlie suc- 
ceeding ones between that and the opposite extremity u, 
attraction will be manifested throughout. But if a thread 
possessing vitreous electricity be employed, such as that 
which should be attached to a glass tube which had been 
rubbed ; on presenting it towards the extremity v it will 
avoid going on to touch that extremity by incHning to- 
wards the point a \ and all the points situated between 
a and the extremity R, will act upon it by attraction : so 
that we shall not have precisely the inverse of the pre- . 
ceding effects, because in both cases the thread is attfacted 
by the middle part of the tourmalin. This species of pa- 
radox however will be unravelled by considering diat, 
the mean part being in the natural state, at the moment 
when it is presented to the thread, it will attract such 
thread indifferently, whatever be the kind of electricity • 
which solicits it ; in such manner that in the two cases 
the eSect of this attraction adds itself to that of the cen- 
tre of action which acts upon the thread by an electricity 
contrary to its own. 

456. Two tourmalins presented one to another, niutu- 
ally attract by the poles animated with contrary electrici- 
ties, and repel mutually by the poles which shew the same 
kind of electricity. We have already demonstrated these 
resuhs when speaking of the reciprocal actions of two 
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idio-electric "bodies^ whose natural fluid shall have tm- 
dergone a decomposkion (411). But here w« way 
verify the theory by experiment: m order -to which, 
we heat two tourmalins, and after halving laid one cf 
them across ^pon a flat piece of <^oi1l floating at the 
«ur£ace of some water, we select one of its poles and 
to it present successively the two poles of the tour- 
malin. When the poles thus brought near to one as- 
other have different electricities, we sliaJl see the floating 
tourmalin aiove towards the other^ and fi^Uow it in afl 
its motions. If, on the contrary, the neighboorii^ 
poles ape solicited by opposite electricities, the floating 
tourmalin will turn about to present itself to the other 
hy the <x)kitraMry pole, and then approach to it in iviktne 
of the attraction. Those who should assist art: ifltese 
^experiments without having been previously instructed, 
<would be tempted to take them for experiraeats iu 
magnetism. 

451. Tlie tournuilin begins to evince electiicityT, 
when it has arrived at a certain elevation of tenrpera- 
ture, which ^pinus places between the 30th and ihe 
^Mth degree on Keaumur^s thermometer {99^ ;anA 
212,*^ ¥,) But among bodies of this species there exist 
some to which we need only, as it were, shew Are, that 
4hey should <manifest their electricity. }f the tourma- 
lin be more and more heated, there will be a term 
where h will cease to yield signs of the electric virtue. 
It often happens that after haviing withdrawn iit from 
the fire, we are obliged to leave it to return of itsetf 
to a moderate temperature, that it should hav^ any 
action upon the little bodies which are presented to it. 
Bat it would seem that beyond the term where its elec* 
tricity has become insensible through the action of too 
strong a heat, there is another where its effects are re- 
produced in an inverse sense. We have caused the foci 
of two burning glasses to fall upon the extremities of a 
tourmalin^ and have observed that each jpole, after 
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bavtog acquired its ordinary electfricity, would next 
cease to act, and lastly ivbuld pass to the opposite state ; 
so that the attraction; after having become 2ero, would 
give placeto repulsion, or reciprocally* - ' 

458. If a tourmalin^ be broken at thexn^m^nt when 
it manifests its electricity, each frtigment, how^ever 
small it may be, has its two moieties in two opposite 
states, in like manner as the entire tourmaHn ;. whfeh 
must^ at first, appear tx^ry singular ^^silice this fragmMty 
supposing for example it were situated at one ^ the 
extremities of the stone stilt whole^ would dien be so- 
licited only by a single kind of electricity.* This difl^ 
culty may he happily resolved by the heJp- of af very - 
plausible hypothesis similar to that advanced by Cotk* 
lomb with regard to such magnetic bodies as'present 
the same sirlgulisirity, that is to say, ]by don^ering 
every integrant particle of a tourmalin to be itself a 
little tourmalin provided with its two polcsi It hence 
results that in the entire tourmalin there will 6e a series 
of poles alternately vitreous and resinous ; and such are 
tlie quantities of free fluid which appertain to these 
different poles, that in all the half of the tourmalin yet 
unbroken, which manifests the vitreous electricity^ 
tlic vitreous poles of the integrant molceulas are supe- 
rior in force to the resinous poles in contact with them ; 
while the contrary obtains in the half which manifests 
the resinous electricity : whence it follows that the 
tourmalin is in the same state (speaking generally) as 
if each of its halves were only solicited by quantities of 
vitreous or resinous fluid equal to the differences be- 
tween the fluids of the neighbouring poles. Now, if 
the stone be cut at any place wbatcfVer, as the section 
can only take place between two moleculse, the part de- 
tached will necessarily commence %\ith a pole of one 
kind, and terminate with a pole of a contrary nature. 
We shall give a more complete developement of this 
explication when we trqat of magnetisfn. 
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45!); Such bcxHes as are susceptible of becoming 
electrised* by heat, present, relatively to their forms, a 
Hew singukrity , which seems to announce a mutual de- 
pendence between their crystaUisation and their elec- 
tric property. We know that in general the way in 
which nature elaborates crystals is subjected to the law 
of the greatest simplicity, in so far that the opposite 
ind corresponding parts are similar, with regard to the 
number, the disposition, and the figure of their faces. 
But the forms of crystals that become electric by heat 
deviate from this symmetry, in such manner that the 
parts in which the two electricities reside, though si- 
milarly situated at the two extremities of the crystal, 
difier in their configuration ; one of them undergoing 
decrements which are evanescent upon the opposite 
part, or to which decrements correspond that are sub- 
jected to another law ; a circumstance which may 
enable an observer to predict beforehand, simply from 
the inspection of the crystal, on what side either spe- 
cies of electricity will be found, when the crystal shall 
be submitted to the test of experiment. Thus in the 
variety of the tourmalin which we shall call isogone, 
and which is represented by fig. 52, the shape is that of 
a prism of nine plane sides, terminated at one end by a 
summit having three faces, and at the other by a sum- 
imt having six faces ; and experiments prove that the 
ftnt smmnit is the seat of resinous electricity, while the 
^ond manifests vitreous electricity. 

460. But of all the crystals that exhibit this cprrela- 
^n between the exterior configuration and the electric 
firtue, the most remarkable are those which appertain 
to an acidulating substance named (ora/^ of m(^n^^, 
nrhose form is, generally, that of a cube incomplete on 
M its edges, and farther modified by facets correspondy 
ing to the solid angles; Here the two electricities act 
according to the directions of four axes, each of which 
pas^s through two opposite solid angles pf the cube 
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which is the primitive form. In one of the rarietieff 
(fig. 53) which we sliall call defective^ one of the two, 
soUd angles situated at the e;^tremities of the same axis 
is entire, the other has given way to a facet s. Now 
resinous electricity is evinced at the angle which has 
not undergone any alteration, and vitreous electricitj^. 
at the facet which suppHes the place of the opposite 
angle ; thus making eight electric poles, four for each 
species of electricity. In another variety (fig. 54) the. 
solid angles analogous to" those of the preceding which 
were supplied by the facets, continue to present the 
same modification. The other angles situated similarly 
to those which were entire, are here replj^ced each by 
a like facet s' \ but if it existed alone, the symnrietry 
would be found re-established, while the law of the 
phenomenon requires that it should be altered. There- 
fore, three other facets r, r, r^ are observed to be si- 
tuated about each of the former ; so that the angles 
which they modify, present, in this respect, a kind of 
superabundance, in consequence of which this variety 
has been denominated superabundant borate of mag' 
ncsia (r). 



(r) Since the publication of this Treatise our author has been enabled 
farther to pursue his researches into the properties of this kind of crystalsj 
and that his labours have not been entirely misemployed may be learned 
from the following extract from the Tableau Methodtqiie, &c^ of J. A. H. 
Lucas:—*' The examination of topaz crystals, including both the new 
varieties of form> (viz. the Octosexdecmal a\\iminGus fluate of silica, and. 
the Perioctatdral aluminous fluate of silica with a sexdecimal summit), has 
conducted M. Hauy to two interesting results. The first varrcty has 
enabled him to verify a conjecture which his observations on the elec- 
tricity of several other mineral substances, and particularly the tourmalia 
and borate of magnesia, rendered extremely plausible, and which nature 
appears to take a pleasure in confirming ; namely, that the secondary 
forms of such minerals as are capable of becoming electric by heat always 
deviate from the rules of symmetry, at the same time that the two sum- 
mits always acquire two opposite states of electricity. The second variety 
has presented him with new proofs of an electric phenomenon, which 
seems to be nearly allied to that which is exhibited by msigncts with coa* 
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Wemay nowask whether, in the midst of the imposing 
apparatus of our artificial machines, and of that diver- 
sity of phenomena which it presents to the astonished 
eye, there is any thing more calculated to excite the in- 
terest of philosophers than these little electrical instru- 
ments executed by crystallisation, than this combination 
of distinct and contrary actions, confined within a cry- 
stal whose greatest dimension is probably less than a 
twelfkh of an inch ? And here the observation we have 
so often previously made recurs to the mind with addi- 
tional force, that those productions of nature which 
seem desirous to conceal themselves from our notice, 
are they which may reward us most liberally for a closer 
examination. 



tecutive points. * It is/ says he, ' in additional instance of resemblance 

* between the appearances produced by magnetism, and those which are 

* especially exhibited by bodies susceptible of electricity by hei^t ; and in 
' which the law of the electric densities is so completely analogous to that 

* observed by the magnetic densities in the artificial-magnec' *'— 'See a!s« 
far. 568, vol. ii. Ta. 
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